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In  the  following  pages  it  has  been  mj  endeavour  to  present 
a  faithful  reflex  of  the  present  state  of  Electrical  Science. 
The  work  being  specially  intended  for  the  use  of  students, 
much  condensation  was  necessary  in  order  to  bring  it  within 
the  limits  of  a  moderate-sized  volume.  It  will,  nevertheless, 
I  hope,  be  found  to  include  the  latest  important  discoveries, 
and  the  chief  practical  applications  of  the  science.  In 
carrying  out  the  design  of  the  book,  I  have  availed  myself 
freely  both  of  the  matter  (in  a  condensed  form)  and  of  the 
illustrations  of  my  *  Manual  of  Electricity ; '  but  the  present 
volume  will  be  found  to  contain  much  additional  and  im- 
portant information,  which  has  become  available  since  the 
publication  of  that  work.  In  the  composition  of  the  chapters 
on  Electric  Telegraphy,  I  desire  to  acknowledge,  with 
thanks,  the  assistance  which  I  have  received  from  the  valu- 
able *  Cantor  Lectures,'  delivered  at  the  Society  of  Arts 
by  that  eminent  electrical  engineer  Mr.  Fleeming  Jenkin, 
F.II.S.  I  am  indebted  to  the  same  gentleman  for  the 
elaborate  description  of  that  beautiful  electrical  instrument 
<mted  by  Professor  William   Thomson,  F.R.S.,  viz.  his 
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Portable  Electrometer.  The  report  of  the  joint  committee 
'  On  the  Construction  of  Submarine  Telegraph  Cables '  has 
supplied  me  with  much  information,  that  part  detailing 
the  investigations  of  Mr.  Latimer  Clark  having  been  es- 
pecially valuable.  My  thanks  are  also  due  to  my  friend 
Mr.  Glassiot,  F.R.S.,  who,  with  his  well-known  courtesy 
and  kindness,  has  allowed  me  access  to^  his  Electrical  Labo- 
ratory, and  has  given  me  an  opportunity  of  witnessing  there 
those  marvellous  phenomena  connected  with  electrical  dis- 
charge through  different  vacua,  to  the  development  of  which 
he  has  devoted  so  many  years  of  laborious  research.  It  is 
almost  needless  to  say  that  throughout  the  whole  work  Fara- 
day's '  Experimental  Researches'  have  been  constantly  con- 
sulted. 
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This  new  edition  of  the  'Student's  Text-book  of  Electricity' 
was  projected  by  Dr.  Noad  shortly  before  his  lamented 
death.  It  was  taken  in  hand  and  partially  edited  before  it 
fell  to  my  lot  to  complete  the  work.  Very  little  of  the  old 
matter  has  been  excised,  bnt  much  new  matter  has  been 
introduced.  The  chief  difficulty  met  with  has  been,  not  to 
know  what  to  insert  but  what  to  exclude.  The  original 
plan  has  been  carefully  adhered  to,  so  as  to  make  it  a  reflex  of 
the  existing  state  of  Electrical  Science  adapted  for  students. 
Electricity  and  its  applications  have  grown  at  such  a 
pace  that  each  particular  branch  demands  almost  a  text- 
book of  its  own,  and  the  ramifications  of  the  science  are  so 
numerous  that  they  embrace  nearly  every  branch  of  physics 
in  their  sphere.  Before  the  student  can  fairly  claim  to  call 
himself  an  electrician  he  must  be  a  fair  chemist  to  compre- 
hend the  actions  of  the  battery  and  the  application  of  the 
current  to  electroplating ;  he  must  know  much  of  heat  to 
follow  the  laws  of  electricity ;  he  must  know  something  of 
light  to  understand  its  application  to  electric  lighting ;  he 
must  master  the  principles  of  acoustica  to  learn  its  latest 
development  in  telephony ;  he  must  be  a  mathematician  to 
follow  its  quantitative  applications ;  and  he  must  be  a  bit  of 
a  mechanic  to  undertake  its  practical  developments,  especially 
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in  telegraphy.  This  book  has,  however,  been  written  under 
the  idea  that  the  student,  possesses  none  of  these  qualifica- 
tions ;  and,  therefore,  that  he  approaches  the  subject  from 
the  datum  line  of  ignorance. 

Theory  has  been  as  much  as  possible  excluded ;  first, 
because  there  really  exists  no  theory  of  electricity  properly 
so  called ;  and  secondly,  because  what  theory  there  is,  is  used 
more  for  illustration  than  for  explanation.  Whether  elec- 
tricity is  a  form  of  matter  or  a  form  of  energy  is  still  unde- 
termined, though  most  thoughtful  electricians  regard  it 
simply  as  a  form  of  energy.  The  Newton  or  Young  of 
electricity  has  not  yet  arisen ;  and  it  remains  for  some  master 
mind  to  gather  together  the  threads  and  lace  them  into  a 
connected  form,  so  as  to  show  that  electricity  is  only  another 
mode  of  motion  like  heat  and  light. 

The  grand  theory  of  the  conservation  of  energy  is  only 
now  in  its  youth,  and  the  principle  of  the  atomic  structure 
of  matter  is  scarcely  out  of  its  cradle.  The  idea  of  a  imiverse 
composed  of  atoms,  linked  together  by  some  medium  and  in 
ceaseless  motion,  and  that  on  the  character  of  this  motion 
depend  heat,  light,  electricity,  magnetism,  chemism,  sound, 
&c.,  is  only  now  shaping  itself  into  form  in  the  mind  of  the 
philosopher. 

In  this  conception  of  a  universe  we  have  only  to  regard 
matter  and  force.  Matter  is  thai  which  is  perceptible  by 
the  senses ;  force  is  that  which  produces  or  tends  to  produce 
motion.  Motion  involves  energy,  and  energy  is  the  capa- 
city for  doing  work.  The  application  of  force  resulting  in 
motion,  therefore,  implies  energy  exerted  and  work  done. 
Time,  space,  matter,  force,  position,  and  motion  are  element- 
ary ideas,  upon  which  all  our  knowledge  of  physics  is  based. 
Motion  is  simply  change  of  position.  Force  is  the  prime 
cause  of  every  change  of  position.  Force  is  the  agent  which 
renders  matter  perceptible.  The  two  are  inseparable  and 
indestructible.  We  do  not  find  matter  nor  can  we  produce 
force  in  their  primitive  states.  The  first  is  reduced  to  the 
elements  3  the  second  appears  as  modes  of  motion  or  forms  of 
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energy.  Energy  is  in  reality  the  power  of  doing  work — the 
power  of  moving  matter  against  the  action  of  some  constrain- 
ing cause,  of  motion  against  resistance.  All  the  phenomena 
by  which  electricity  is  known  to  us  are  of  a  mechanical  kind, 
and,  therefore,  are  evidences  of  energy  exerted.  Hence  the 
gradually  increasing  belief  in  the  molecular  theory  of  elec- 
tricity, as  opposed  to  the  old  and  exploded  notion  that  it  is 
a  highly  elastic  Huid. 

Electricity  is  passing  through  precisely  the  same  stages 
as  its  sisters  Heat  and  Light  have  done.  Early  philoso- 
phers conceived  each  to  be  forms  of  matter,  but  they  have 
been  proved  to  be  forms  of  energy.  The  processes  by  which 
this  has  been  brought  about  have  been  slow  and  sure. 
Science  is  ever  progressive.  It  very  rarely  retires  from  a 
position  once  assailed  and  captured.  All  the  recent  advances 
of  electricity  narrated  in  this  book  show  an  ever  onwal*d 
march  towards  the  goal  indicated  above. 

The  applications  of  electricity  have  a  decidedly  civilising 
influence,  and  the  tendency  of  all  progress  is  to  subdue  this 
subtle  agency  more  and  more  to  be  the  helpmate  of  man. 
It  has  been  utilised  for  domestic  and  commercial  purposes. 
It  has  brought  the  whole  world  into  one  fold.  It  has 
annihilated  space.  It  has  tmned  night  into  day.  It  has 
rendered  time  uniform  and  exact,  and  it  has  enabled  our 
geographers  and  astronomers  to  perfect  the  measurements  of 
the  dimensions  of  the  earth.  Thus  it  has  become  a  great 
economiser  of  time,  and  a  great  regulator  of  the  disposition 
of  our  movements,  and,  therefore,  of  our  lives. 

All  sciences  appear  in  their  earlier  stages  to  excite  the 
imaginary  powers  of  the  mind,  but  in  their  later  stages  the 
calculating  powers.  The  study  of  electricity  has  been  a  fine 
sphere  for  hypothesis,  but  it  has  now  become  a  cultivated  field 
for  the  exercise  of  the  quantitative  tendency  of  the  mind.  The 
development  of  its  mathematical  laws  by  Ohm,  "Weber,  Gauss, 
Thomson,  Kirchhoff;  the  discoveries  of  Gralvani,  Volta,  Fara 
day.  Ampere;  the  ingenious  devices  of  Coulomb,  (Ersted, 
Wheatstone,  Daniell,  Siemens — have  made  it  an  exact  science. 
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It  is  now  possible  to  calculate  to  within  a  few  yards  the  dis- 
tance of  a  rupture  of  a  submarine  cable  at  the  bottom  of  the 
deep  Atlantic,  to  prophesy  the  exact  number  of  words  which 
cables  thousands  of  miles  long  would  transmit,  to  calculate 
the  steam  power  necessary  to  produce  a  given  light  in  a 
given  spot,  and  to  measure  approximately  the  dimensions 
of  an  atom. 

Though  thunder  roared  and  lightning  flashed  £ix)ni  the 
creation  of  the  world,  and  the  ancients  were  well  acquainted 
with  the  peculiarities  of  the  friction  of  certain  bodies,  it  was 
not  until  the  seventeenth  century  that  an  electric  machine  was 
produced.  The  first  half  of  the  eighteenth  century  was  marked 
by  the  introduction  of  the  Ley  den  jar,  and  the  second  half 
by  the  discovery  of  the  lightning  rod.  The  nineteenth  cen- 
tury commenced  with  the  discovery  of  the  galvanic  battery 
and  of  the  electric  arc,  and  the  different  epochs  of  this  prolific 
century  may  be  marked  by  the  discoveries  of  electro-magnet- 
ism, induction,  and  magneto-electricity.  Hence  discovery 
seems  to  have  progressed  with  marvellous  strides ;  neverthe- 
less, discovery  has  now  apparently  ceased,  and  practical 
applications  have  commenced  their  career ;  and  it  is  to  give  a 
faithful  account  of  these  that  this  fresh  edition  of  Dr.  Noad's 
valuable  text-book  is  launched  forth. 

There  is  no  royal  road  to  a  knowledge  of  the  science  of 
electricity.  The  student  must  advance  by  steady,  persistent 
toil.  All  our  knowledge  of  the  facts  of  the  science  have 
been  acquired  by  observation  and  experiment,  and  it  is  by 
these  two  assistants  that  the  student  must  proceed.  This 
book  can  only  help  him  over  difficulties  which  active  obser- 
vation will  bring  to  his  notice.  The  facts  that  are  therein 
narrated  should  be  verified  by  experiment.  The  student 
should  as  much  as  possible  rely  upon  apparatus  made  with 
his  own  hands ;  but,  when  he  has  neither  the  power  nor  the 
means  to  construct  them,  he  should  avail  himself  of  those 
opportunities  which  the  numerous  institutions  in  this  country 
place  at  his  command  in  the  way  of  lectures  and  demonstra- 
tions. 
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There  is  a  certain  fkscmation  in  experiment  which 
carries  one  through  the  elements  of  a  science  with  ardour 
and  pleasure ;  but  the  student  who  is  facile  in  observing  is 
much  tempted  to  soar  beyond  the  verification  of  recorded 
facts,  and  to  conceive  that  he  is  discovering.  Now,  the  re- 
corded hjcta  of  electric  science  are  but  a  small  fraction  of 
those  unrecorded.  In  any  course  of  research  the  negative 
results  far  outnumber  the  positive.  Hasty  generalisation 
and  false  reasoning  on  imperfect  experiments  are  the  great- 
est drawbacks  to  prosnress.  The  student  must  carefully 
guard  hixnself  agaiL^g  upon  these  shoals,  a.d  m  J 
leave  discovery  until  he  has  passed  through  the  stage  of  stu- 
dentship and  reached  that  of  mastership.  Moreover,  he 
should  treat  with  great  diffidence  any  result  that  may  savour 
to  him  of  a  new  fact.  Nevertheless,  research  in  a  new  field 
is  a  very  healthy  exercise  to  the  mind  and  discipline  to  the 
reasoning  powers  when  experiment  is  seconded  by  logic,  but 
it  should  not  be  attempted  until  the  days  of  studentship  are 
over. 

I  have  been  materially  aided  in  my  task  by  my  assistants 
Mr.  H.  R.  Kempe  and  Mr.  J.  P.  Edwards,  and  my  thanks 
are  herewith  gratefully  tendered  to  them  for  their  help. 

W.  H.  Freece. 

TantUM^  31,  1879. 
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CHAPTER  I. 
FRICTIONAL   ELECTRICITY. 


Fundamental  Phenomena — Condactors  and  Insulatora— Opposite  Elec 
tricities — Electroscopic  Apparatus — Law  of  Electrical  Attraction  and 
Repulsion. 

(i)  Fundamental  Pbenomena. —  Vitreom  8ul)6tance8,  such 
aa  glass,  become  electrical  by  being  rubbed  with  certain  other 
substances ;  in  this  state  they  attract  light  bodifiS.  Hesinous 
substances,  such  as  sealing  wax  and  gutta-percha,  become  also 
electrical  when  rubbed  with  certain  other  substances ;  in  this  state 
they  also  attract  light  substances. 

Bodies  which  have  been  once  attracted,  either  by  excited  glass 
or  excited  resin,  will  not  be  attracted  by  the  same  substancee 
again,  until  they  have  touched  some  body  in  conducting  commu- 
nicatioii  witfi  the  earth,  but  will  be  repelled. 

A  body  which,  having  been  attracted  by  an  excited  vitreous 
substance,  is  then  repelled  by  it,  is  attracted  by  an  excited  resinous 
substance ;  so  also  a  body  which  is  repelled  by  an  excited  resinous 
substance  is  attracted  by  an  excited  vitreous  substance. 

Bodies  charged  witiii  the  same  kind  of  electricity  repel  each 
other,  and  bodies  charged  with  opposite  kinds  of  electricity  attract 
each  other. 

Some  substances  (ebonite,  silk,  gutta-percha,  glass)  possess 
within  certain  limits  the  power  of  insulation ;  that  is,  they  prevent 
the  escape  of  electricity  through  them  to  the  earth. 

—  B 
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Other  substances  (metals  especially)  have  no  such  power.  But 
no  substance  is  an  absolute  insulator  or  non-conductor ;  neither  is 
there  any  substance  which  can  be  called  a  perfect  conductor  of 
electricity. 

For  illustrating  the  primary  phenomena  of  electricity  the  only  materials 
required  are  a  tube  of  stout  glass  i8  or  20  inches  long,  and  about  an  inch 
jijg^  j^  in  diameter ;  a  stick  of  common  sealing  wax ;  or,  still 

better,  an  ebonite  paper-knife  and  a  pair  of  pith-balls 
suspended  from  a  convenient  support  by  silk  threads. 
The  glass  tube,  dr}'  and  warm,  should  be  rubbed 
briskly  for  a  few  seconds  with  a  dry  warm  silk  band- 
kerchief  ;  it  will  then  be  found  to  have  acquired  the 
properties  of  attracting,  and  then  repelling  the  pith- 
balls.  The  wax  may  be  excited  by  rubbing  it  with 
a  piece  of  dry  warm  flannel. 

For  exhibiting  the  phenomena  of  attraction  and 
repulsion  at  a  considerable  distance,  a  long  stick  bal- 
anced on  a  small  globe  of  glass,  placed  on  a  con- 
venient support,  will  be  found  very  useful.  A  pair  of 
pith-balls  suspended  by  thin  metallic  wires  or  black 
cotton  threads  should  also  be  provided,  to  show  the  impossibility  of  giving 
a  permanent  electrical  charge  to  the  pith-balls  when  uninmlated. 

The  mutual  attraction  of  oppositely  electrified  bodies,  and  the  mutual 
repulsion  of  bodies  similarly  electrified,  are  well  illustrated  by  suspending 
from  silk  threads  two  excited  sticks  of  wax  and  two  excited  tubes  of 
glass.  On  bringing  them  near  each  other,  the  wax  will  repel  the  wax  and 
the  glass  will  repel  the  glass,  but  a  glass  rod  and  a  wax  rod  will  manifest 
a  strong  mutual  attraction. 

(2)  Conductors  and  Insulators. — In  the  following  list  the 
bodies  are  arranged  in  their  order  of  conducting  power,  according 
to  the  present  state  of  knowledge  on  the  subject;  and  though 
probably  not  absolutely  correct,  it  will  serve  to  show  how  insensiUj 
conductors  and  non-conductors  merge  into  each  other.  Faraday 
thinks  that  conduction  and  insulation  are  only  extrenoie  degrees  of 
one  common  condition ;  that  they  are  the  same  in  principle  and  in 
action,  except  that  in  conduction  an  effect  common'Mx)  both  is 
raised  to  the  highest  degree,  whereas  in  insulation  it  occurs  in  the 
best  cases  only  in  an  almost  insensible  quantity : — 

All  the  metals  Lime 

Well-burnt  charcoal  Dry  chalk 

Plumbago  Native  carbonate  of  baryta 

Concentrated  acids  X^ycopodium 

Powdered  charcoal  Caoutchouc 

Dilute  acids  Camphor 

Saline  solutions  Siliceous  and  argillaceous  stones 

Metallic  ores  Dry  marble 

Animal  fluids  Porcelain 
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Sa  water 

Drj'  vcgeubl 

Sprite  waW, 

Baked  wood 

Run  water 

Leather 

IcB  Bbove  13'  F. 

Parchment 

Scow 

Li™g  TEgf tabifa 

Hiir 

Lirine  >i>imala 

Wool 

RamBBnu^ 

Dried  Bilk 

St«m 

Silta  mhibla  in  watn 

BawBilk 

KuefiedBir 

Tranaparent  1 

V.ponrofal«,hol 

Vapour  of  etbar 

Mica 

Main  atrlli  and  Hnnea 

All  vittilllMit 

Powdered  glaa 

GhBs 

Flowf n  of  anlpbni 

.let 

Dry  metallic  oidd™ 

Was 

Oils,  the  heavieBl  the  best 

Sntphor 

Aebei  of  vegelables 

Reeini 

Amber 
Gutta-pcTcl.s 

Ehonil 


(3)  Opposite  BleotrldtlsB. — We  bare  seen  that  excited  rodlll 

and  ezcifad  ^lasB,  though  tlu^y  hoih  attr&ct  li)fht  substancM, 
eshibit  eaeh  a  ilifferevt  kind  of  force.  Ilence  tlie  ti-rm  rpsiHOM 
elsctzia^  aa  applied  to  the  former,  Mid  vitreou*  electricitj  as 
i^Iied  to  the  latter.  These  t«niu  ore,  however,  objectionable, 
implying,  Bs  the;  do,  that  when  vitrtoiu  bodies  &re  excited  the; 
•m  alwayB  electtified  nitb  one  species  of  electricity,  and  that 
■wiusn  rmnom  bodies  ue  excited  thej  are  alwajs  electrified  with 
the  other.    Bat  this  is  b;  no  means  the  case ;  for  example — 

I.  Wbm  a  ^us  rod  is  nibbed  with  a  wcxdlon  olotb.  It  repels  a  pith-ball 
i^idUlud  race  attracted;  hut  if  the  cloth  be  pnoentsd,  it  will  be  fDond 
to  aUnet  the  excit«d  balL  We  hence  conclode  that  as  the  gas  was  silraou^ 
elactri&ed  the  woollen  cloth  mnit  be  nnmiwly  eleetriiled. 

3.  Wheo  a  stick  of  sealing  wax  is  rubbed  with  a  woollen  cloth,  it  lepdl  > 
pith-baU  which  it  had  oDce  atlncted  ;  bnt  if  the  doth  be  presented.  It  will 
be  found  to  attract  Uie  ezdted  balL  Hence,  by  a  aimllar  reasoning,  we  are 
led  to  the  Inferenoe  tliat  the  doth  is  cifmnu/y  eleetrliled. 

3-  When  a  pieceof  polishod glass  iambbed  first  witha  woollen  cloth,  and 
then  with  the  tar  of  a  cat^  and  examined  alter  each  eidtation  by  s  pith-ball, 

cloth  aud  a  piece  of  glass  may  thns  be  made  to  exhibit  both  kinds  of  elee- 

The  temw  vitreovt  and  rmnout  do  not,  tiierefore,  conTcy  to  the 
miai  A  jof^ir  improashti  of  tbs  nature  of  tho  two  forcea.    T^ib 
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terms  positive  and  negative  are  less  open  to  objection,  althou^ 
they  take  their  origin  in  a  theory  of  electricity  which  is  not  now 
recognised  as  compatible  with  observed  phenomena.  JPimtioe 
electricity,  then,  is  that  which  is  produced  upon  polished  glass 
when  rubbed  with  a  woollen  or  silk  cloth ;  and  negative  electiicity 
is  that  which  is  produced  upon  a  stick  of  sealing  wax  when  rubbed. 
The  signs  +  and  —  are  generally  iised  to  denote  positive  and 
negative  electricity. 

(4)  One  kind  of  Bleotrioit  j-  cannot  be  prodnoed  iritliont 
tbe  otbe] 


1.  If  two  persons  stand  on  two  stools  with  glass  legs,  and  one  strike  the 
other  two  or  three  times  with  a  weU-dried  cat*s  fur,  he  that  strikes  will  have 
his  body  charged  potiiivelyy  and  he  that  is  struck  will  be  electrified  negativtly. 

2.  If  on  a  dry  day  a  person  stand  on  a  stool  with  dry  glass  legs  and 
connect  himself  electricidly  with  a  gold-leaf  electroscope  (Fig.  4),  and  if 
then  one  standing  on  the  floor  draw  a  comb  rapidly  through  the  hair  of  the 
other,  the  gold  leaves  will  diverge  with  positive  electricity.  If  the  perscm 
using  the  comb  stand  on  the  insulating  stool,  the  leaves  of  the  electroscope 
will  as  he  combs  diverge  with  negative  electricity. 

(5)  Blectroecopic  Apparatus. — Instruments  for  indicatii^ 
the  presence  and  kind  of  electricity  are  called  electroscopes ;  those 
by  which  the  electricity  is  under  various  conditions  measured  are 
called  electrometers. 

The  electroscope  of  Gilbert  and  Haily  consisted  of  a  light  metaDie 
needle,  terminated  at  each  end  by  a  light  pith-ball  covered  with  gold  leat, 
and  supported  horizontally  by  a  cap  at  lis  centre  on  a  fine  point ;  tin 
attractive  or  repulsive  action  of  any  electrified  body  presented  to  one  ik  tiw 
balls  being  indicated  by  the  movements  of  the  needle. 

A  useful  modification  of  this  electroscope  is  shown  in  Fig.  2.  It  consisiB 
of  a  short  bent  brass  wire  a  b  c,  to  either  end  of  which  is  fixed  a  reed,  so 

of  unequal  length. 
The  longer  ann 
carries  at  its  ex- 
tremity  a  disc  of 
gilt  paper  i>,  about 
half  an  inch  In 
diameter,  and  the 
shorter  arm  a  small 
metallic  ball,  s. 
The  whole  is  bal- 
anced on  a  finely 
pointed  wire,  supported  on  a  rod  of  varnished  glass  The  arms  an 
elongated  or  contracted,  and  the  balance  thus  adjusted,  by  sliding  the 
reeds  upon  the  wire.  The  disc  d  is  electrified  either  positively  or  ne- 
gatively, and  the  body  the  nature  of  the  electricity  of  which  is  to  be 
examined  is  presented  to  it.    If  we  desire  merely  to  detect  the  presence  of 
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electricity  by  its  attractive  force,  we  uninsulate  the  needle  by  hanging  a 
metallic  wire  from  the  pointed  rod  of  support,  and  then  present  the  excited 
substance  to  the  disc. 

Another  useful  form  of  electroscope  is  shown  in  Fig.  3.  The  gilt  disc  is 
attached  to  a  slender  stick  of  shell  lac,  which  is  suspended  from  a  wooden 
frame  by  a  fine  silk.  A  charge  of  electricity  communicated  to  the  disc 
will  be  retained  for  a  long  time  even  under  unfavourable  circmnstances ; 
this  simple  instrument  is  well  adapted,  therefore,  to  the  lecture-room. 


'Pig'  3- 


Fig.  4- 


^ 


Singer's  modification  of  Bennett's  gold-leaf  electroscope  is  shown  in  Fig.  4. 
Two  slips  of  gold  leaf  are  attached  to  a  brass  wire  firmly  secured  in  the  centre 
of  a  varnished  glass  tube  by  a  band  ofguttarpercha.  The  glass  tube  is  fixed 
in  the  cap  of  a  glass  jar,  and  to  the  upper  end  of  the  wire  a  brass  cap  ▲  is 
screwed.  The  mode  of  manipulation  with  this  instrument  will  be  described 
in  the  next  chapter. 

Fig.  5  represents  Sir  William  Snow  Harris's  electroscope.  A  small  ellip- 
tical ring  of  metal,  a,  is  attached  obliquely  to  a  small  brass  rod  by  means  of 
a  short  tube  of  brass ;  the  rod  terminates  in  a  brass  ball  6,  and  is  insulated 
through  the  substance  of  the  wood  ball,  n%  Two  arms  of  brass  r  r  are  fixed 
vertically  in  opposite  directions  on  the  extremities  of  the  long  diameter  of 
the  ring,  and  terminate  in  small  balls  ;  and  in  the  direction  of  the  shorter 
diameter  within  the  ring  there  is  a  delicate  axfS  set  on  extremely  fine 
points :  this  axis  carries  by  means  of  short  vertical  pins  two  light  reeds  of 
straw  s  «,  terminating  in  balls  of  pith,  and  constituting  a  long  index  cor- 
responding in  length  to  the  fixed  balls  above  mentioned.  The  index  thus 
circumstanced  is  susceptible  of  an  extremely  minute  force  ;  its  tendency  to 
a  vertical  position  is  regulated  by  small  sliders  of  straw,  movable  with 
sufiicient  friction  on  either  side  of  the  axis. 

To  mark  the  angular  position  of  the  index  in  any  given  case,  there  is  a 
narrow  graduated  ring  of  card-board  or  ivory  placed  behind  it.  The 
graduated  circle  is  supported  on  a  transverse  rod  of  glass  by  the  intervention 
of  wooden  caps,  and  is  sustained  by  means  of  the  brass  tube  d,  in  which  the 
glass  rod  is  fixed.    The  whole  is  insulated  on  a  long  rod  of  varnished  glass 
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A,  by  means  of  wood  eipa  teimlnatiiig  in  qibericsl  ends.    In  this  u 

ment,  u  is  evident,  tin  index  dlvetgea  from  tbe  flued  ■ 

eLectrical  charge  is  communicaUd  to  tbe  ball  b,  u  shown  la  tbe  lower  %iu 

The  instrument  ii  occuionally  placed  ont  of  the  veitica]  position  at  u 
teqoiied  angle  by  means  of  a  Joint  at  n,  and  all  tbe  Insulating  p<Hrtioiu  an 
carefully  TamiBhed  with  a  BOlntion  of  shell  lao  in  alcohol. 

This  instnnneat  Ih,  to  a  certain  extend  an  ettctromettTr  bm  well  aJ 


The  toniontiBlanceelectiiimeterotCoolonibiBBhown  in  Fig.  6.  A  b 
is  a  glass  eylinder,  which  is  covered  with  a  plate  of  glass,  a  k.  This  pUte  Is 
perforated  with  tlie  two  holes  e  and  a,  the  former  being  intended  to  rectivo  a 
tube  of  glass  i  o,  two  feet  high,  carrying  on  its  upper  end  a  torsion  micro- 
meter, ccnsieting  of  a  graduated  circle  k  s,  sn  index  h,  and  a  pair  of  pinccn 
opened  and  shut  by  a  ring,  for  holding  a  slender  silver  or  glass  wire  i 
whoae  lower  end  h  is  also  grasped  by  a  similar  pair  of  pincers  made  of 
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copper,  and  about  a  line  in  diameter.  Through  a  hole  in  these  coppei 
pincers  there  passes  a  horizontal  needle  c  d.  This  needle  consists  of  a  silk 
thread  or  a  straw  covered  with  sealing  wax ;  at  the  end  of  it,  at  d,  about 
eighte^i  lines  long,  is  a  cylinder  of  gum  lac  It  is  terminated  at  c  by  a 
ball  of  pith  of  elder,  about  two  or  three  lines  in  diameter,  and  at  d  by  u 
vertical  vane  of  paper  covered  vrith  turpentine.  A  circular  band  of  paper, 
K  F,  divided  into  360°,  is  pasted  round  the  cylinder,  on  a  level  with  the 
i^eedle,  and  at  the  hole  a  there  is  introduced  a  small  cylinder  a,  6,  the  lower 
end  of  which,  made  of  gum  lac,  carries  another  ball  b  of  elder  pith.  The 
instrument  is  adjusted,  when  a  line  passing  through  the  course  of  the  silver 
wire  o  H  at  p,  passes  also  through  the  curves  of  the  balls  h  and  c,  and 
points  to  the  curveii  of  the  graduated  circle  e  f. 

In  this  instrumoit  the  force  of  electrical  repulsion  is  balanced  against  the 
reactive  force  of  the  glass  or  silver  thread,  which  is  twisted  more  or  less 
from  its  quiescent  position.  In  using  it  a  charge  is  communicated  to  the 
ball  6,  which  is  then  brought  into  contact  with  the  ball  c;  mutual  repulsion 
takes  place  (Fig.  i),  and  the  needle  c  cf  is  turned  through  a  certain  arc.  By 
turning,  however,  tiie  micrometer  button  in  the  direction  n  p,  the  wire  o  h 
is  twisted  and  caused  to  return  to  its  first  position,  and  point  to  the  zero  of 
the  scale ;  this  being  done,  it  is  evident  that  the  force  of  torsion  has  been 
made  to  balance  the  repulsive  force  of  the  two  balls  e,  c,  and  that  by  com- 
paring the  force  of  torsion  which  balances  the  repulsive  force  at  different 
distances  of  the  balls,  measures  of  the  repulsive  forces  at  these  distances 
'  may  be  obtained. 

In  applying  this  instrument  to  the  determination  of  the  law  of  attractive 
force  between  two  oppositely  electrified  bodies,  a  slight  modification  is 
requisite  in  order  to  prevent  the  balls  from  rushing  into  contact,  in  con- 
sequence of  the  attractive  force  increasing  in  a  greater  ratio  than  the  force 
of  torsion.  This  difficulty  is  provided  against  by  extending  a  thread  of 
fine  silk  vertically  between  the  top  and  bottom  of  the  case,  having  its  ends 
attached  to  them  by  wax,  and  allowing  the  fixed  ball  to  remain  in  contact 
with  it  at  the  commencement  of  the  experiment.  When  the  two  discs  are 
oppositely  electrified,  the  movable  disc  is  forced  from  the  fixed  disc  by 
turning  the  micrometer  in  a  direction  contrary  to  that  in  which  it  was  moved 
in  the  former  experiments. 

Faraday  employed  Coulomb's  balance  electrometer  in  his  researches  on 
induction ;  he  thinks  that,  though  it  requires  experience  to  be  understood, 
it  is  a  very  valuable  instrument  in  the  hands  of  those  who  will  take  pains 
by  practice  and  attention  to  learn  the  precautions  needful  in  its  use. 

(6)  Xiaw  of  Bleotiical  Attraction  and  Repnlslon. — Two 

spheres  charged  with  similar  electricities  repel  each  other  with  a 
force  inversely  proportional  to  the  squares  of  the  distances  betweea 
their  centres. 

This  law  was  established  by  Coulomb  with  his  torsion  electrometer.  The 
following  was  one  of  his  experiments : — An  electrical  charge  was  com- 
mimicated  to  6,  which  was  then  brought  into  contact  with  c  ;  the  latter  was 
repelled,  and  finally  took  up  a  position  at  an  angle  of  36°  from  h.  The 
wire  G  H  had  therefore  become  twisted  through  an  •  angle  of  36°.  The 
micrometer  button  was  now  turned,  till  the  distance  between  the  balls  was 
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diminished  to  i8° ;  but  to  do  this,  the  index  m  required  to  be  moved  over 
126°  of  the  graduated  circle  m  n.  Now  126^  added  to  18°  (the  fonner 
torsion)  =  144°.  The  reactive  force  of  torsion  at  36°  and  18°  is,  therefore, 
36  and  144,  or,  in  other  words,  when  the  distance  is  diminished  one-haifthB 
force  has  increased /bwr  times. 

The  law  for  attraction  is  the  same,  the  energy  of  the  attractiye 
force  being  diminished  in  the  same  proportion  as  the  aquctre  oftht 
distance  between  the  electrified  bodies  is  increased. 

The  truth  of  Coulomb's  law  has  been  confirmed  by  Sir  William 
Snow  Harris,  to  whom  electrical  science  is  indebted  for  many 
beautiful  discoveries  and  important  practical  applications.  Sir 
William's  experiments  on  electrical  attraction  led  him  to  the 
following  results : — 

1.  That  tlie  forces  between  two  spheres  will  be  inversely  as  the  distances 
between  their  nearest  points  multiplied  into  the  distance  betwe^i  their 
centres. 

2.  That  two  spheres  at  the  distances  2*2,  2*5,  2*8,  and  3*0  inches  exert 
the  same  force  as  two  circular  plates  at  the  distances  of  0-664, 1*117,  ^'49^ 
and  1*732  inches  respectively. 

3.  That  the  attractive  force  of  two  opposed  conductors  is  not  influenced  by 
the  form  or  disposition  of  the  unopposed  portions.  The  attractive  force,  fat 
example,  is  the  same,  whether  the  opposed  bodies  are  mere  circular  planes 
or  planes  backed  by  hemispheres  or  cones.  Two  hemispheres  also  attract 
each  other  with  the  same  force  as  the  spheres  of  which  they  are  hemispheies. 

4.  The  force  between  two  opposed  bodies  is  directly  as  the  number  of 
attracting  points,  the  distance  being  thfe  same.  Thus  two  circular  planes  of 
unequal  diameter  do  not  attract  each  other  with  a  greater  force  than  that  of 
two  similar  areas  each  equal  to  the  lesser.  In  like  manner,  the  attractive 
force  between  a  ring  and  a  circular  area  of  the  same  diameter  is  equal  to  that 
exerted  between  two  similar  rings,  each  equal  to  the  fonner. 

5.  The  attractive  force  between  a  spherical  segment  and  an  opposed  plane 
of  the  same  curvature  is  equal  to  that  of  two  similar  segments  on  each  other. 

For  the  measurement  of  small  forces  of  repulsion,  Harris  em- 
ployed a  new  arrangement  of  the  balance  of  torsion,  which,  fipom 
the  peculiar  mechanical  principle  on  which  it  depends,  he  cckUs  the 
*  Bifiliar  Balance.'    (Phil.  Trans.  1836.) 

The  reactive  force  in  this  instrument  is  not  derived  from  any 
principle  of  elasticity,  as  in  Coulomb's,  but  is  altogether  dependent 
on  gravity.  It  is  obtained  by  means  of  a  lever  at  the  extremity 
of  two  parallel  and  vertical  threads  of  unspun  silk,  suspended 
within  a  quarter  of  an  inch  of  each  other  from  a  fixed  point.  The 
threads  are  stretched  more  or  less  by  a  small  weight,  and  the 
repulsive  force  is  caused  to  operate  much  in  the  same  way  as  in 
Coulomb's  balance  of  torsion.  As  the  threads  tend  to  turn,  as  it 
were,  upon  each  other,  the  stretching  weight  becomes  raised  by  a 
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smftll  quantity,  and  thus  gravity  is  brought  to  react  against  the 
repuldve  force  in  operation.  The  delicacy  of  this  balance  is 
extremely  great,  and  is  said  to  render  sensible  a  force  of  go^th 
part  of  a  grain. 

Sir  William's  experiments  on  the  relation  of  the  repulsive  force 
to  the  quantity  of  electricity  led  to  the  following  result  :— 

1.  The  discs  being  charged  equally,  and  to  a  given  intensify,  the  forces 
vary  in  an  inverse  ratio  to  the  squares  of  the  respective  distances;  when,  how- 
ever, the  quantity  on  one  of  the  discs  is  diminished,  that  is,  when  they  are 
charged  unequally,  this  law  is  only  apparent  up  to  a  certain  limit:  some- 
times at  certain  distances  the  law  is  in  an  inverse  ratio  of  the  simple  distance, 
or  nearly  approaching  it;  and  at  other  distances  the  law  of  the  force  becomes 
irregular,  until  at  last  the  repulsion  vanishes  altogether,  and  is  superseded 
by  attraction,  being  apparently  disturbed  by  some  fbreign  influence. 

2.  The  quantities  of  electricity  contained  in  either  of  the  repelling  bodies 
are  not  always  proportional  to  the  repulsive  forces — a  result  which,  although 
anomalous  and  unsatisfactory,  Harris  believes  to  be  in  accordance  with  the 
general  laws  of  electrical  action :  the  force  of  induction,  for  example,  not 
being  confined  to  a  charged  and  neutral  body,  but  operating  more  or  less 
freely  between  bodies  similarly  charged,  it  is  evident  that  the  inductive 
process  between  bodies  similarly  charged  may  become  indefinitely  modified 
by  the  various  circumstances  of  quantity,  intensity,  distance,  &c.,  giving  rise 
to  apparently  complicated  phenomena. 

According  to  Coulomb,  the  relative  electrical  capacities  of  a 
solid  or  hollow  sphere  and  a  circular  plate  of  equal  area  are  as  two 
to  one ;  and  in  expanding  a  globe  into  a  plane  circular  area  of  the 
same  superficial  extent  each  side  to  each  side  we  double  its  capacity 
by  giving  it  another  exterior  surface.  Twice  the  quantity  of 
electricity  may  therefore  now  be  placed  on  it  under  the  same 
intensity.  If  this  view  be  correct,  by  substituting  for  the  circular 
plate  a  second  sphere,  whose  exterior  surface  is  equal  to  the  two 
surfaces  of  the  plate,  the  result  would  be  the  same  as  before ;  but 
Harris  found 

That  the  electrical  reactions  after  the  respective  contacts  with  the  plate  and 
sphere,  the  areas  of  which  are  equal,  instead  of  being  as  two  to  one.  as  they 
should  have  been  according  to  Coulomb's  theory,  were  nearly  the  same ;  and 
hence  he  concludes  that  the  result  arrived  at  by  Coulomb's  method  of 
experiment  may  be  classed  with  those  cases  in  which  the  repulsive  force 
exercised  by  the  balance  is  not  proportionate  to  the  quantity  of  electricity. 

His  experiments  further  show — 

1.  That  the  capacity  of  a  sphere  is  the  same  as  that  of  a  circular  plane  of 
equal  area  into  which  it  may  be  supposed  to  be  expanded. 

2.  That  a  spherical  conductor  either  hollow  or  solid,  and  a  plate  of  equal 
area,  have  the  same  electrical  capacity. 

3.  That  the  quantity  of  electricity  taken  from  the  surface  of  a  charged 
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body  by  a  small  insulated  disc  of  considerable  thickness  may  be  greatly 
influenced  by  the  position  of  the  point  of  application,  independentfy  ef  the 
quantity  of  electricity ;  so  that  the  same  quantity  may  possibly  exist  in  two 
different  points,  and  yet  the  proof  plane  become  charged  in  a  difierent  ratio, 
the  inductive  power  of  the  plate  being  different  in  these  points. 


CHAPTER  11. 


PRICTIONAL  ELECTRICITY  {continued). 

Induction— The  Electrophorus — Specific  Inductive  Capacity — Distribution 

— ^The  Condenser. 


(7)  Znfluenee  of  Bzoited  Bodies  upon  Veutral  Conducting 
Bodies  at  a  Bistanoe. — ^We  have  seen  that  absolute  contact  be- 
tween two  bodies  is  not  necessary  for  the  development  of  electrical 
phenomena.  An  excited  rod  of  glass,  or  of  sealing  wax,  causes 
a  suspended  pith-ball  to  move  from  its  vertical  position  when 
presented  to  it,  and  while  at  some  distance  ;  so  also  feathers  and 
other  light  substances  leap  towards  an  electrified  body  brought 
into  their  vicinity. 

This  influence  of  electrified  bodies  on  bodies  at  a  distance 
is  called  electrical  inductimi,  and  the  resulting  effect  induced 
electricity. 

There  is  scarcely  any  electric  phenomenon  in  which  inductive 
action  does  not  come  into  play.  '  All  charge/  says  Faraday  {Ex, 
Research,  series  xi.  p.  1 178), '  is  sustained  by  it.  All  phenomena 
of  intensity  include  it.  All  excitation  is  dependent  on  it.  It 
appears  to  be  the  essential  function  both  in  the  first  development 
and  the  consequent  phenomena  of  electricity.' 

I.  Let  <f  a  c  be  a  cylinder  (^ 
brass  supported  on  a  glass  stand, 
and  furnished  with  a  pith-ball  elec- 
troscope /.  Let  an  excited  glass 
tube  be  held  at  a  distance  of  about 
six  inches  from  d ;  the  pith- balls 
will  be  seen  to  diverge,  indi- 
cating the  presence  of  free  electri- 
city. Remove  the  glass  rod,  and 
the  pith-baUs  will  fall  together, 
showing  that  they  are  no  longer 
electrified.  Again  advance  the 
glass  tube,  the  balls  will  again  di- 
verge, and  again  collapse  on  with* 
drawing  the  tube,  and  so  on. 


Fig.  7. 
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2.  Let  A  be  an  insulated  cylindrical  conductor  five  or  six  inches  long  and 
about  three  inches  in  diameter,  and  let  b  and  c  be  two  thin  metallic  discs,  and 
insulated  on  glass  rods,  and  of  such 
a  size  as  to  fit  accurately  the  ends  of 
the  conductor,  so  that  when  in  their 
places  the  whole  system  may  repre- 
sent one  conducting  surface.  Now, 
having  given  a  large  metallic  ball  a 
charge  of  positive  electricity,  siispend 
it  from  a  silk  thread,  about  three 
inches  from  the  disc  c  and  in  a  right 
line  with  the  cylinder  a.  Next  re- 
move the  disc  c,  by  its  insulating 
stand,  and  examine  its  electrical  con- 
ditions, it  will  be  foundtobene^a^'oe; 
remove  and  examine  6,  it  will  be< 
found  to  he  positive. 

3.  Let  two  metallic  cylinders  6  c,<fe,  supported  upon  rods  of  varnished  glass, 
be  placed  within  an  inch  or  more  of  each  other  in  a  right  line ;  the  cylinder  b  c 

Pig.  9- 
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must  beinsulated,  but  the  end  cof  the  cylinder  d  e  may  be  connected  with 
the  earth  by  a  metallic 'wire ;  let  feathers  or  light  pith-balls  be  suspended  b}"^ 
linep  threads  from  b,  c,  and  d ;  on  bringing  an  ex- 
cited rod  of  glass  or  wax  d  within  three  or  four 
inches  of  b  c,  the  feather  or  ball  hanging  from  b  will 
be  attracted,  and  at  the  same  time  those  suspended 
from  c  and  d  will  rush  together. 

4.  Let  p  and  n  be  two  hemispheres  of  wood, 
covered  with  tinfoil,  mounted  on  rods  of  var- 
nished glass,  and  standing  on  wooden  feet,  so  that 
they  may  be  placed  in  contact  with  each  other.  While 
thus  in  contact,  let  an  excited  rod  of  glass  be  brought 
near  ;  then  let  it  be  removed,  and  let  the  condition  of 
the  hemispheres  be  examined ;  neither  will  be  found 
to  have  received  any  electrical  charge.  Let  the  ex- 
periment be  varied  by  separating  the  two  hemi- 
spheres while  under  the  influence  of  the  excited  elec- 
tric ;  and  on  examining  them  it  will  be  found  that 
they  have  each  acquired  an  electrical  charge — one 
positive,  and  the  other  negative, 

5.  Arrange  a  long  insulated  cylindrical  conductor,  with  one  extremity, 
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about  a  quarter  of  an  inch  from  a  jet  from  which  a  gentle  stream  of  gas  is 
escaping ;  let  a  well-excited  glass  rod  be  suddenly  brought  near  the  other 
end,  the  gas  will  seldom  fail  to  become  inflamed.  While  the  excited  tube 
is  stUl  in  the  immediate  vicini^  of  the  conductor,  let  the  flame  be  extin- 
guished ,  then  let  the  excited  tube  be  suddenly  withdrawn,  and  the  gas  will 
generally  be  reinflamed. 

6.  Let  8  s'he  two  insulated  metallic  spheres,  and  a  a  an  insulated  metallic 
conductor ;   suppose  s  to  be  strongly  charged  with  pontive,  and  it  with 

Pig  ,  j^  negative,  ^ectricity.  If 

the  electrical  condition 
of  a  a  be  examined,  it 
will  be  found  that  the 
only  part  which  is  free 
from  electricity  is  the 
centre  o,  that  half  ex- 
tending fiovcL  o  to  a 
is  electrified  negativelpt 
and  that  half  extending 
from  o  to  a  posititf^. 
The  intensities  of  the 
opposite  electricities  at 
the  extremities  wiU  be 
found  to  be  equal,  and  at  any  point  equally  distant  from  the  centre,  aspp\ 
the  depths  of  the  electric  fluid  will  be  equal,  and  the  electric  state  of  each 
half  may  be  correctly  represented  by  the  ordinates  pm,p'm'  of  two  branches 
of  a  curve  which  are  precisely  similar  and  equal. 

7.  Whilst  the  conductor  d  a  c  (Fig.  7)  is  under  the  influence  of  the 
excited  glass,  and  the  pith-balls  divei^ent,  let  it  be  touched  with  the  flnger ; 
the  pith-balls  will  instantly  collapse.  Let  the  finger  be  removed,  and  then  let 
the  glass  tube  be  suddenly  withdrawn,  the  pith-baUs  will  again  open,  and 
will  remain  divergent.  On  examining  the  nature  of  the  electricity  with 
which  they  are  charged,  it  will  be  found  to  be  negative. 

8.  Hold  an  excited  tube  of  glass  at  some  distance  above  the  cap  of  the 
gold-leaf  electroscope  (Fig.  4),  the  leaves  will  open,  having  received  by 
induction  a  charge  of  positive  electricity ;  remove  the  tube  and  the  leaves  wifl 
collapse.  Again  advance  the  excited  glass,  and,  whilst  the  leaves  of  the 
electroscope  are  open,  touch  the  cap  of  the  instrument  with  the  finger,  and 
then  quickly  withdraw  the  glass  tube  ;  the  gold  leaves  will  now  be  found 
charged  with  negative  electricity.  Conversely,  if  an  excited  stick  of  wax 
be  used  instead  of  the  tube  of  glass,  and  the  same  manipulations  performed, 

•the  leaves  will  be  found  to  be  charged  with  positive  electricity,  which  charge, 
if  the  instrument  be  dry  and  warm,  may  be  maintained  for  several  hours. 

From  these  experiments  we  learn — 

1.  That  the  electrical  disturbance  of  a  neutral  conductor  by  the  proxi- 
mity of  an  electrified  body  is  of  a  temporary  nature  only,  all  signs  ol 
excitement  disappearing  immediately  the  electrified  or  inducing  body  is 
removed. 

2.  That  this  electrical  disturbance  consists  in  the  temporary  decomposi- 
tion of  the  natural  electricity  of  the  conductor  in  such  a  manner  that  the 
electricity  of  the  contrary  name  to  that  of  the  inducing  body  is  drawn 
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towards  tlut  end  of  the  conduntoi  nearest  the  iDdociiig  body ;  n-biln  tbe 
electricity  of  the  aame  name  ia  driven  to  the  op]>DBit«  end. 

3,  That  by  msking  the  condnctiir  of  two  or  more  puts  each  inaulated  and 
movable,  the  oppodte  elecCdciCiee  tbas  accuaolated  on  tlie  ends  of  Ihe 
conductor  ma;  bj  management  be  reUlued  aftei  the  itraoral  of  the  iDducing 
body. 

(8)  TIM  aieotropbanw. — This  very  useful  instrument  is 
founded  on  the  principles  of  induction.  It  conMSts  of  three  paits — 
I.  A  cake  of  reunous  matter,  composed  of  shell  kc,  Venice  tur- 
pentine, and  reain ;  z.  A  conducting  pl&(e  or  goie,  which  is  merely 
B  metallic  dish  into  which  the  melted  resinous  composition  is 
poured ;  3.  A  cover  of  metal,  or  of  wood  covered  with  tinfoil, 
provided  with  a  vanuBhed  glass  handle.  Fig.  12  represents  a 
modification  of  the  instrument  by  Mr.  Phillips,  a  strip  of  tinfail, 
b,  being  pasted  across  t^e  surface  of  the  resinous  plate  and  united 
at  each  end  with  tlie  metallic  sole ;  or  preferably,  brass  wires,  ccc, 
heing  inserted  from  the  sole  tlirough  the  resin,  the  tops  beingp  level 
with  the  surface. 

Let  the  snrface  of  the  resinoos  cake  be  well  eicited  by  holding  il 
sok  in  a  slanting  direction,  and 
suriking  it  briskly    several  times 
with  a  piece  of  dry  warm  fur  or 
flannel,  or  with  a  warm  silk  hsnd- 
kerehief ;  let  it  now  be  lud  on  the 
table  and  the  cover  placed  npon 
it.    If  the  latter  be  now  removed 
by  its  handle,  it  may  posalily  be 
found  to  have  acquiied  a  feeble 
charge  of  jicgalive  electricity,  but 
it  will  require  a  delicate  electro-  M 
scope  (o    detect  it.      Let  it    be  ^ 
replaced   on   tbe  le^n,   touched  | 
witii  the  tinger,  and  then  raised ; 
it  will  now  he  found  to  be  strongly 

charged  with  pofllicc  electricity,  and  a  spark  will  pase  between  it 
conductor  brought  snfBcieatly  near. 

The  electrophorus  which  was  invented  by  Yolta  is  of  great 
use  to  the  electiiuan,  as  affording  a  ready  supply  of  stAtical  elec- 
triiuty.  When  once  charged,  the  rednoua  cake  retains  its  electri- 
<^ty  for  a  long  time,  as  it  acts  solely  by  its  inductive  inSuence  on 
the  natural  electricity  of  the  cover. 

When  the  metallic  plate  is  placed  on  the  excited  resin,  its  con- 
dition is  that  of  a  conductor  under  the  influence  of  an  electrified 
body,  its  lower  surface  becoming  positive  and  its  upper  surface 
negative  by  induction.  When  it  is  removed  from  tiie  resin  the 
■epfkrated  electricities  re-unite ;  but  when  the  plat 
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while  in  contact  with  the  reon^  the  repelled  negatire  electricitj 
i»  neutralised  hj  a  corresponding  quantity  of  poaitxre  electrici^ 
from  the  earth,  and  the  cover  becomes  charged  with  poaitiye 
electricity,  which  cannot  be  compensated  with  a  correspondiDg 
quantity  of  negative  electricity  from  the  redn,  because  of  the 
non-conducting  power  of  the  latter. 

The  negative  electricity  of  the  upper  surface  of  the  resin  acts 
inductively  on  the  natural  electricity  of  the  lower  surface,  attract- 
ing the  positive  and  repelling  the  negative;  the  latter  escapes 
or  becomes  neutralised  through  the  medium  of  the  conducthig 
sole;  the  positive  electricity  cannot  escape,  being  bound  by  the 
negative  electricity  of  the  upper  surface.  Thus  it  is  that  the 
charge  on  the  resin  is  retained. 

The  electrophorus  is  only  an  exceedingly  convenient  source  of 
electricity,  but  it  serves  admirably  to  illustrate  the  operation  and 
principle  of  induction. 

(9)  Varaday'a  Tbeory  of  Xndaotlon. — It  was  by  an  apparatus 
constructed  on  the  principles  of  the  electrophorus  that  Faraday 
demonstrated  the  important  electrical  fact  that  induction  is  essen- 
tiaUy  aphymal  action,  occurring  between  contiguous  partidea.  He 
considers  that  the  electric  force  originating  or  appearing  at  a  cer- 
tain place  is  propagated  to,  and  sustained  at  a  distance,  through 
the  intervention  of  the  intervening  particles  of  air,  each  of  which 
becomes  pdarisedy  as  in  the  case  of  insulated  conducting  masses. 

Suppose  p  to  be  a  positively  charged  body,  and  n  p  a  previously  neutral 
body  at  a  distance,  the  action  at  p  is  transferred  to  n  p  through  the  medium 
of  intervening  molecules,  each  of  which  becomes  electro-polar j  or  disposed  in 

Fig.  13. 
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an  alternate  series  of  positive  and  negatives  poles,  as  indicated  by  the  series 
of  black  and  white  hemispheres. 

Again,  let  three  insulated  metallic  spheres  a,  b,  c,  be  placed  in  a  line,  but 
not  in  contact  Let  a  be  electrified  positively,  and  then  c  uninsulated.   Under 

Fig.  14. 
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these  circumstances  swill  acquire  the  negative  state  at  the  surface  towards 
A  and  the  positive  state  at  the  surface  farthest  from  it,  and  c  wiU  be  charged 
negatively.  The  ball  b  will  be  in  what  is  called  a  polarised  condition :  that 
is,  the  opposite  parts  will  exhibit  the  opposite  electrical  states  ;  a  andc  will 
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not  be  in  this  polarised  state,  for  they  will  be,  as  it  is  said,  charged  the  one 
positively  and  the  other  negatively. 

This  theory  of  induction  does  not,  however,  rely  on  the  polari- 
sation of  fnatter  in  the  ordinary  acceptation  of  that  term.  It 
proposes  rather  to  deal  with  the  powers  or  forces  which,  in  the 
generally  received  view  of  the  atomic  constitution  of  matter,  are 
associated  with  the  material  atom,  giving  to  it  its  characteristic 
effects  and  properties.  Faraday  adopts  the  theory  of  Boscovith, 
according  to  which  atoms  are  mere  centres  of  forces  or  powers, 
not  particles  of  matter  in  which  the  powers  themselves  reside. 
In  their  quiescent  state,  these  centres  of  force  are  not  arranged  in 
a  polarised  form,  but  they  become  so  under  the  influence  of  con- 
tiguous and  charged  particles.  When  this  forced  or  polar  condition 
is  readily  assumed,  it  is  readily  destroyed,  and  conduction  is  Mie 
result.  When  the  contiguous  particles  communicate  their  forces 
less  readily,  insuhtion,  more  or  less  perfect,  is  the  consequence, 
and  the  action  of  a  charged  body  on  insulating  matter  is  induction, 

(lo)  Selation  of  Xndaotlon  to  ttie  matter  throiiirli  wbloli 
it  is  exerted.— All  insulating  bodies  do  not  possess  in  the  same 
degree  the  power  of  transmitting  the  electric  influence.  The 
relative  facility  with  which  they  do  so,  as  compared  with  a 
common  standard,  is  termed  by  Faraday  their  specific  inductive 
capacity. 

1.  Let  a  small  electrical  charge  be  communicated  to  a  metallic  disc,  and 
let  it  be  suspended  by  a  silk  thread,  an  inch  or  so  above  the  cap  of  the  gold- 
leaf  electroscope,  the  leaves  of  the  instrument  will  immediately  diverge  to  a 
certain  extent  by  induction.  Now,  let  a  plate  of  shell  lac  about  an  inch  in 
thickness,  and  mounted  on  an  insulating  handle,  be  inserted  between  the 
electrified  disc  and  the  cap  of  the  electroscope,  the  divergence  of  the  gold 
leaves  will  immediately  increase,  because  induction  takes  place  more  freely 
through  shell  lac  than  through  air. 

2.  Let  three  equal  discs  of  brass  be  arranged  parallel,  and  at  equal  dis- 
tances from  each  other :  the  two  exterior  must  be  in  communication  with 
the  ground ;  the  third,  which  is  between  them,  must  be  insulated.  Let  a 
single  gold  leaf  be  suspended  exactly  equidistant  between  the  two  brass  balls, 
each  of  which  communicates  separately  with  one  of  the  exterior  discs.  Let 
a  small  electrical  charge  be  communicated  to  the  middle  disc,  and  then  let 
the  communication  between  the  two  exterior  discs  and  that  ground  be  cut 
off.  Under  these  circumstances,  the  gold  leaf  will  remain  at  rest,  being 
equally  attracted  by  each  of  the  balls ;  and  the  insulating  stratum  separat- 
ing the  three  discs  is  the  same — viz.  air.  Now  let  a  stratum  of  some  other 
insulating  substance,  such  as  lac,  stdphur,  or  gloM,  be  interposed  between  two 
of  the  discs,  the  gold  leaf  wiU  immediately  diverge,  showing  that  the  in- 
ducing action  of  the  electrified  body  upon  the  disc,  from  which  it  is  separated 
by  the  new  insulating  body,  has  become  greater  than  before. 

The  apparatus  employed  by  Faraday  in  iirw--  ^he  question  of 

specific  conducting  powers  was  a  kind  of  L  ^hown  in 
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Fig.  15. 


section  in  Fig.  15;  a  a  are  the  two  halves  of  a  brass  sphere  with,  an 
air-tight  joint  at  6 ;  c  is  a  connecting  piece,  by  which  the  apparatus  is  joined 
to  a  good  stop-cock  d,  which  is  itself  attached  either  to  the  metallic  foot 

e,  or  to  an  air-pump  ;  ^  is  a  brass  collar,  fitted  to  the 
upper  hemisphere,  through  which  the  shell-lac  sup- 
port of  the  inner  brass  ball  h  passes.  This  baU  in 
screwed  on  to  the  brass  stem  t,  terminating  above  by 
the  brass  ball  b  ;  /  /  is  a  mass  of  shell  lac  moulded 
carefully  on  to  i,  and  serving  both  to  support  and 
insulate  it  and  its  balls  h  b. 

The  sbell-lac  stem  I  is  fitted  into  the  socket  g 
by  a  little  cement  more  fusible  than  shell  lac,  applied 
at  m,  m,  in  such  a  way  as  to  give  sufScient  strengUi 
and  render  the  apparatus  air-tight  there,  yet  leave 
as  much  as  possible  of  the  lower  pai't  of  the  shell- 
lac  stem  untouched  as  an  insulation  between  the  ball 
A,  and  the  surrounding  sphere  a  a ;  the  ball  h  has  a 
>  small  aperture  at  n,  so  that  when  the  apparatus  is 
exhausted  of  one  gas,  and  filled  with  another,  the 
ball  A  may  also  be  exhausted  and  filled,  that  no 
variation  of  the  gas  in  the  interval  o  may  occur 
during  the  course  of  an  experiment. 

Two  of  these  instruments,  precisely  similar  in 

every  respect,  were  constructed,  and   the    method 

of  experimenting  was  (different  insulating  media 

being  within)  to  charge  one  with  a  Leyden  phial ; 

then,  after  dividing  the  charge  with  the  other,  to 

observe  what  the  ultimate  conditions  of  each  were, 

the  intensity  of  the  charge  being  measured  by  a 

•carrier  ball  and  Coulomb's  electrometer. 

Comparing  together  various  substances  by  this  general  method,  Faraday 

and  Harris  obtained  the  following  values  for  the  specific  inductive  capacities 

of  the  bodies  named : — 

Specific  Induction. 


Air 

.      I'OO 

Glass    . 

.     1*90 

Resin     . 

.     177 

Sulphur 

•     1*93 

Pitch     . 

.     i-8o 

SheU  la.; 

•     1*95 

.     1*86 

.     1*86 

All  gases  have  the  same  inductive  capacity,  independent  of  temperature 
and  pressure. 

(11)  Slectricity  resides  on  tbe  surface  of  electrified 
bodies. — When  a  body  receives  a  charge  of  electricity,  the  charge 
does  not,  as  in  the  case  of  heat,  diffuse  itself  throughout  the  whole 
of  its  substance,  but  is  confined  entirely  to  its  surface ;  from  this 
it  follows  that  a  metallic  ball  may  be  equaUy  electrified  whether  it 
be  solid  or  hollow ;  and  that  if  it  be  hollow,  the  amount  of  elec- 
tricity will  be  the  same,  whether  the  shell  of  matter  of  which  it  is 
composed  be  thick  or  thin. 

I.  Let  A  B  be  an  insulated  cylinder,  movable  round  a  horizontal  axis. 
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which  may  be  turned  by  the  glass  handle  h.  Round  this  cylinder  let  a 
metallic  ribbon,  c  d,  be  wound,  and  let  a  silk  cord,  f,  be  attached  to  the  end 
of  it.  Let  a  pith-ball  electroscope,  e,  be  fixed  on  the  metallic  frame  of  the 
apparatus.  The  ribbon  being  electrified,  the  pith-balls  diverge :  let  it  now 
be  unrolled  by  pulling  the  silk  cord ;  the  balls  will  gradually  collapse,  indi- 
cating a  diminution  of  the  electrical  charge  ;  and  if  the  ribbon  be  sufficiently 
long,  compared  with  the  electrical  charge  given  to  the  apparatus,  they  will 
fall  almost  entirely  together,  but  will  again  diverge  on  re-roUing  the  ribbon 
on  the  cylinder. 

Fig.  17. 


Fig.  16. 


2.  Let  a  metallic  cup  be  placed  on  a  varnished  glass  support,  and  let  a 
metallic  chain,  terminated  by  a  silk  thread,  be  coiled  up  and  placed  in  its 
interior,  Let  the  cup  be  electrified ;  upon  which  the  pith-balls,  hung  from  a 
metalljic  wire  attached  to  the  cup,  will  diverge  to  a  certain  extent.  Now  let 
the  chain  be  drawn  gradually  out  of  the  cup  by  the  silk  thread  ;  the  diver- 
gence of  the  balls  will  lessen,  and  finally  will  become  scarcely  perceptible.  On 
now  again  dropping  the  chain  gradually  into  the  cup,  the  balls  will  again 
begin  to  diverge,  and  the  divergence  will  increase  till  the  whole  of  the  chain 
has  been  returned,  when  it  will  be  nearly  as  great  as  at  first. 

3.  Place  a  cylinder  of  w^ire  gauze  on  an  insulated  stand,  and  communicate 
a  small  charge  of  electricity  to  its  intier  surface.  Try  now  to  remove  a 
portion  of  this  charge  for  testing,  by  touching  the  inner  surface  with  a  proof- 

C 
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plane  (which  is  merely  a  disc  of  gilt  pasteboard  attached  to  a  stick  of  shell 
lac)f  the  electroscope  will  show  no  signs  of  electricity ;  then  touch  the  omttide 
of  the  guaze  with  the  proof-plane,  and  abundant  evidence  of  electricity  will 
be  obtained. 

4.  A  conical  muslin  bag,  stiff  enough  to  preserve  its  form,  is  attached  to  a 
metallic  hoop,  insulated,  on  a  varnished  glass  rod,  and  placed  in  a  horisontal 

position,  as  shown  in  Fig.  18 ;  a 
Fig.  18.  charge  of  electricity  is  conveyed 

to  the  interior  of  the  bag ;  as  in 
the  last  experiment,  the  whole  is 
found  arranged  on  the  outside  of 
the  cone  :  the  cone  is  now  drawn 
inside  out  by  means  of  a  silk 
thread,  so  that  the  surface  of  the 
muslin,  which  before  formed  the 
inner f  now  forms  the  outer  super- 
ficies. On  applying  the  proof- 
plane,  it  is  found  that  the  charge 
has  passed  from  one  surface  of  the 
muslin  to  the  other,  in  order  still 
to  be  on  the  outside. 

Faraday  constructed  a  light  wooden  chamber  of  12  feet  cube, 
which  he  bound  round  with  copper  wire,  so  as  to  make  the  sides  a 
large  network ;  all  was  then  covered  with  paper,  placed  in  close 
connection  with  the  wires,  and  supplied  in  every  direction  with 
bands  of  tin  foil,  that  the  whole  might  be  brought  into  good  metallic 
communication,  and  rendered  a  free  conductor  in  every  part.  Fara- 
day entered  this  chamber,  which  was  insulated  and  put  into  com- 
munication with  a  powerful  electric  machine;  he  used  lighted 
candles,  delicate  electroscopes,  and  other  tests  of  electricity,  but 
could  find  none  with  the  cube,  though  all  the  time  large  sparks 
and  brushes  were  darting  off  from  every  part  of  the  outer  surface. 

'  The  conclusion,'  says  Faraday, '  that  I  have  come  to  is,  that  non-con- 
ductors, as  well  as  conductors,  have  never  yet  had  an  absolute  and  indepen- 
dent charge  of  one  electricity  communicated  to  them ;  and  that,  to  all 
appearance,  such  a  state  of  matter  is  impossible.'  (^Ex,  Research,  series  xi 
"73-4-) 

(12)  Bistributloii  of  Slectrioity  on  the  Surfaces  of  IBlee- 
trified  Bodies. — Although  electricity  is  confined  to  the  surfaces  of 
bodies,  its  intensity  is  not  on  every  part  the  same,  except  in  the 
case  of  a  sphere,  on  which  the  symmetry  of  the  figure  renders  the 
uniform  distribution  of  the  electricity  inevitable.  If  the  body  he 
an  oblong  spheroid,  the  intensity  is  great  at  the  poles,  but  feeble  at 
the  equator.  If  the  body  be  of  a  cylindric  or  prismatic  form,  a 
still  more  rapid  augmentation  takes  place  at  the  extremities^  the 
more  so  as  the  length  bears  a  greater  proportion  to  the  breadth. 
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Coulomb  insulated  a  circular  cylinder  two  inches  in  diameter  and  thirty 
inches  in  length,  of  which  the  ends  were  hemispherical ;  and,  on  comparing 
the  quantities  of  electricity  collected  at  the  centre,  and  at  points  near  the 
extremities,  he  obtained  the  following  results.  At  two  inches  from  the 
extremity  the  electricity  was  to  that  at  the  centre  as  i^  to  i ;  at  one  inch  from 
the  extremity  it  was  as  i|  to  i ;  and  at  the  extremity  it  was  as  2^  to  i. 

From  the  observations  of  the  same  philosopher,  it  appears  that  the  depth 
of  the  electric  fluid  on  a  conductor  increases  in  rapid  proportion  on  approach-* 
ing  the  edges ;  that  the  effect  is  still  more  augmented  at  comers,  which  may 
be  regarded  as  two  edges  combined,  and  that  the  effect  is  still  further  in- 
creased if  any  part  of  a  conductor  have  the  form  of  a  point. 

The  force  which  retains  electricity  on  the  surface  of  a  conductor 
was  assumed  by  Coulomb  to  be  the  pressure  of  the  atmosphere  ; 
and  the  reason  why  it  is  impossible  to  accumulate  any  charge  on  a 
conductor  furnished  with  points^  is  because  the  depth  of  electricity 
is  there  so  much  increased  that  the  force  of  the  electric  fluid 
exceeds  the  restraining  power  of  the  atmosphere. 

But  it  has  been  shown  by  Harris  (FhU,  Trans.  1834)  that  an 
electrified  ball  insulated  under  the  receiver  of  an  air-pump,  and 
connected  with  an  electroscope,  undergoes  no  change  by  withdraw- 
ing Ifths  of  the  air ;  also,  that  a  charged  electroscope  enclosed  in 
an  air-tight  bulb,  and  placed  under  a  receiver,  retains  its  charge 
unaltered  when  ffths  of  the  air  are  withdrawn ;  and  that  the 
divergence  of  a  well-insulated  gold-leaf  electroscope  does  not 
diminish  when  the  air  in  the  receiver  under  which  it  is  placed  is 
exhausted  till  only  330th  part  remains. 

Again,  Faraday  has  shown  that  the  distribution  of  electricity  on 
the  surface  of  an  insulated  sphere  is  only  uniform  as  long  as  it  is 
surrounded  by  a  dielectric  of  the  same  specific  inductive  capacity 
(10)  ;  for,  when  an  electrified  ball  is  surrounded  partly  by  air  and 
partly  by  sulphur  or  lac,  the  electricity  is  diffused  on  it  unequally, 
though  the  pressure  of  the  air  remains  imchanged. 

According  to  Faraday's  view  of  induction — 

*  An  electrified  cylinder  is  more  affected  by  the  influence  of  surrounding 
couductoru  at  the  ends  than  at  the  middle,  because  the  ends  are  exposed  to 
a  greater  sum  of  inductive  forces  than  the  middle  ;  and  a  point  is  brought 
to  a  higher  condition  than  a  ball,  because,  by  relation  to  the  conductors 
around,  more  inductive  force  terminates  on  its  surface  than  on  an  equal  sur- 
face of  the  ball  with  which  it  is  compared.*    {Ex.  Research,  xii.  1302.) 

(13)  Tbe  Condenser. — When  an  uninsulated  conductor  is' 
brought  into  close  proximity  to  an  electrified  insulated  conductor,  the 
latter  acquires  an  increased  electrical  capacity,  in  consequence  of  the 
reciprocal  inductive  actions  of  the  twa  conductors.  On  this  prin- 
ciple a  very  important  electrical  instrument  was  invented  by 
CEpiQus,  and  introduced  into  electrical  science  by  Yolta,  for 
rendering  evident  very  minute  traces  of  electricity. 

c  2 
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Let  A  B  represent  &  metallic  disc  iosnlated  on  h  varruHhed  glA^  rod,  ai 
oHUiected  by  a  wire  with  th«  c^  E,  of  ■  gold-leaf  electroscope,  Bud  let  a'  if 
reprtaent  ■  giniUr  disc  in  (tea  eommoDicBtioii  with  the  earth  by  tha  winw. 
Let  H  feeble  charge  of  electricity  be  cominimicBtal  to  A  B ;  it  will  be  dilhuil 
over  K,  end  the  gold  lesves  of  the  elecCroKope  will  diverge  to  ■  cerMii 
extent.    Let  a'  b'  be  now  caosed  to  approach  a  b  :  u  it  draws  near,  Iki 


gold  leavee  will  gradusllj  collapse,  and  when  tbe  disci  are  ilmoet  in  contact, 
the  charge  will  be  bo  far  with  drawn  toim  E,  and  concentrated  on  A  B,  that  tbe 
leaves  will  hang  nearly  parallel  I^t  a'  b'  be  now  euddenly  withdrawn  to 
a  diitance  ;  the  electricity  accamnlated  od  A  B,  being  now  relieved  from  tbe 
inductive  influence  of  a'  b',  will,  in  virtae  of  its  expansive  power,  return  and 
diffiise  itself  over  r,  the  gold  leaves  of  which  will  umnediatdy  retam  to 
their  former  state  of  divergence. 

SuppoBe  tlie  small  chai^  of  electncity  commumcated  in  thia 
experiment  to  A  B  to  be  potitive,  it  decomposes  the  natural  eleo- 
tricitj  of  a'  b',  repelling  the  pontine  or  attracting  the  negatioe ;  the 
fiefileT  portion  of  the  pasitiva  electricity  with  which  a  b  was 
charged  is  therefore  concentrated  on  the  surface  of  the  plat«  im- 
mediately opposed  to  a'  b'  {  it  is  there  masked,  and  ibr  the  time 
neutralised ;  the  effect  on  the  electroscope  is  reduced  almost  to  no- 
thing, and  to  affect  the  leaves  in  the  same  manner  as  before  an 
additional  quantity  of  positive  electricity  is  required :  none  of  tlie 
charge  communicated  to  A  B  is,  however,  lost,  for  when  the  oppos- 
ing compensating  plate  is  removed,  the  whole  becomes  free,  it  dif- 
fuses itself  over  the  entire  conducting  system,  and  the  electroscope 
is  influenced  by  the  united  forces  of  both  charges.  In  this  way, 
charges  of  electricity  too  feeble  to  poduce  a  divergence  of  the 
leaves  of  the  electroscope  by  direct  contact  may  be  rendered  sen- 
sible, hence  the  name  of  condenMer  given  to  the  instrument. 

The  orif^al  condenser  of  Volta  consisted  of  two  large  circulai 
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metallic  discs,  the  surfaces  of  which  were' covered  with  a  thin  uni- 
form coating  of  amber  varnish ;  the  lower  disc,  B,  the  condenser,  was 
supported  on  a  metallic  stand'^  B  B  ;  the^ 
upper  disc,  A,  called  the  coUectoTy  was 
provided  with  an  insulating  handle,  and 
a  short  wire  terminating  in  a'  metallic 
ball,  E.  The  body  the  electricity  of 
which  was  to  be  investigated  was 
brought  into  ccmtact  with  B ;  the  elec- 
tricity thus  communicated  to  A,  acting 
by  induction  on  b,  confined  the  elec- 
tricity of  the  opposite  kind,  repelling  its 
similar  electricity ;  at  the  same  time,  b, 
being  in  perfect  electrical  communica- 
tion with  the  earth,  had  a  constant  sup- 
ply of  neutral  electricily  conveyed  to 
it,  which  in  its  turn  underwent  a  similar 
decomposition.  This  process  lasted  until 
the  condenser  had  received  the  full 
charge  answering  to  its  surface.'    The 

collector.  A,  being  suddenly  raised  by  its  insulating  handle,  taking 
care  to  keep  it  parallel  to  the  base,  the  electricity  accumulated 
upon  it  coidd  be  transferred  to  an  electroscope  for  examination. 
The  plates  may  be  placed  vertically,  and  if  made  a  foot  or  more  in 
diameter  are  very  efficient... 

For  the  sake  of  convenience,  however,  it  is  usual  to  attach  both 
condenser  and  collector  to  the  gold-leaf  electrosco"pe,  as  shown  in 

Fig.  19. 

(14)  Xaws  regrnlatinir  tbe  Inductive  Actions  of  tbe  Biscs. 

— These,  and  the  operation  of  the  direct  and  reflective  inductive 
forces,  have  been  investigated  by  Harris  (Phil.  Trains.  1834).  The 
quantity  of  electricity  displaced  from  a' b' may  be  considered '  as 
the  direct  induction  of  the  plate  a  b.  Harris  measured' the  force 
of  this  induction  at  varying  (fistances  between  the  plates  by  means 
of  his  hydrostatic  electrometer  (Phil.  Trans.  1839),  an  instrument 
constructed  by  him  for  measuring  directly  the^  attractive  force  of 
an  electrified  body  in  terms  of  a  standard  weight.    He  found — 

1.  That  the  inductive  forces  are  inversely  as  the  squares  of  the  distances 
between  the  plates ;  and  as  the  quantity  of  electricity  is  as  the  square  root 
of  the  forces,  the  direct  induced  force  is  inversely  as  the  distance. 

2.  That  the  distances  between  the  plates  being  constant,  and  the  quantity 
of  electricity  varied,  the  induced  force  is  as  the  exciting  electricity  directly^ 
and  as  the  distance  inversely. 

That  when  a'  b'  is  insulated,  then  the  direct  induction  is  no  longer  as 
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before,  in  the  simple  inverse  ratio  of  the  distances,  but  in  the  tnverte  ralk 
of  t/ie  square  roots  of  the  distances. 

Then  as  regards  reflected  induction  of  a!  b'  on  A  B,  he  found—** 

1.  That  when  a'  b'  was  uninsulated  the  force  was  in  the  inver9e  ratw  of 
the  distances  between  the  plates. 

2.  That  when  a'  b'  was  insulated  the  rariation  was  as  before,  in  ikt 
inverse  ratio  of  the  square  roots  of  the  distance. 

(15)  Varley's  Multiplier. — An  exceedingly  ingenious  instru- 
ment, by  which  very  feeble  electrical  tensions  may  be  multiplied 
several  thousand  fold,  so  that  by  its  use  the  tension  of  the  feeUest 
electrical  sources  may  be  demonstrated,  and  sparks  or  other  ansr 
logous  phenomena  developed  &om  a  tension  no  greater  than  that 
produced  by  a  single  cell  of  the  voltaic  battery,  was  exhibited  at 
the  International  Exhibition  of  1862  by  Mr.  Varley.  (Jurori 
Report.) 

This  instrument  might  be  called  a  multiplying  indicator.  It 
consists  of  an  axis,  on  which  parallel  rows  of  insulated  brass  vanes 
or  arms  are  fixed.  The  description  will  be  simplified  by  consider- 
ing one  row  of  vanes  only :  A,  b,  c,  d,  &c.  The  axis  may  be  turned 
by  hand,  and  at  two  points  of  the  revolution,  diametrically  opposite 
to  each  other,  the  vanes  enter  two  rows  of  hollow  insulated  cover- 
ings or  shells  of  brass,  a,  a^,  a^,  a,,  &c.,  and  6,  6^,  h^,  (3,  &c.  These 
shells  conceal  the  vanes  entirely  on  the  three  sides,  and  are  con- 
nected one  with  another  as  follows : — a  unconnected,  a^  a^  joined 
together,  a^  a^  joined  together,  a^  a^  joined  together,  &c.  In 
the  opposite  row,  h  6j  are  joined,  h^  h^  joined,  h^  65  joined,  &c. ;  a  is 
opposite  to  6 ;  a^  opposite  to  h^,  &c.  Thus  the  two  rows  may  be 
said  to  be  arranged  in  alternate  insulated  couples. 

The  charge  to  be  multiplied  is  commimicated  to  a,  and  vee  will 
suppose  this  charge  to  consist  of  a  certain  definite  quantity  retained 
without  loss  by  means  of  perfect  insulation.  The  axis  is  turned 
round  by  hand.  When  the  vane  A  is  inside  a,  an  earth  connection 
is  made  at  the  inner  end  of  the  vane  A,  where  it  is  not  covered  by 
the  shell.  If  the  charge  on  a  be  positive,  a  negative  charge  of  cor- 
responding magnitude  will  be  induced  on  A.  The  charge  so  induced 
may  approach  more  or  less  nearly,  according  to  the  proportions  of 
the  instrument,  to  equality  on  the  charge  on  « ;  it  wiU  always  be 
somewhat  less,  but  can  easUy  be  made  in  practice  to  differ  very 
little  from  the  original  charge.  When  the  axis  is  turned  round 
still  further,  the  earth  connection  is  broken,  and  the  negative 
charge  remains  insulated  on  the  vane  A.  As  the  axis  continues  to 
revolve,  the  vane  A  is  brought  inside  the  shell  6,  and  is  then  put 
in  connection  with  shells  6  ftj  by  a  suitable  contact.  The  negative 
charge  on  A  wiU  then  almost  entirely  distribute  itself  over  the 


varley's  multiplier.  23 

outer  surface  of  the  double  shell  b  b^.  As  the  axis  is  turned  round 
and  round;  the  same  series  of  contacts  will  be  repeated,  successive 
charges  on  A  wHl  be  induced  by  a^  and  communicated  to  the  double 
shell  b  64,  on  the-  surface  of  which  these  charges  will  gradually 
accumulate^  tending  towards  a  limit  which  is  only  not  infinite 
(leaving  insulation  out  of  consideration),  because  when  the  vane 
is  inside  b  b^j  and  its  contact  there  made,  its  whole  metal  is  not 
surrounded  by  a  closed  metal  surface  forming  part  of  b.  The  effect 
will,  however,  practically  be  rather  limited  by  imperfect  insulation 
than  by  the  want  of  continuity  in  the  surrounding  surface  of  b  b^ 
But  while  negative  electricity  is  thus  accumulating  on  b  ij,  the 
second  vane,  B,  has  been  continually  passing  through  the  shell  b^. 
At  the  moment  when  fully  covered  by  this  shell,  an  earth  contact 
has  been  made  with  this  vane,  as  already  described  for  vane  A.  b 
has  therefore  been  receiving  continually  greater  charges  of  positive 
electricity,  each  very  nearly  equal  to  the  quantity  of  negative  elec- 
tricity at  that  time  on  b  b^,  and  these  in  their  turn  it  has  communi- 
cated to  the  shells  a^  a^.  The  vane  c  receives  continually  increas- 
ing negative  charges  from  a^  a^,  which  it  communicates  to  63  b^, 
and  thus  the  multiplication  proceeds  through  any  required  number 
of  vanes  and  shells,  by  the  simple  process  of  turning  the  axis. 

If  all  the  vanes  and  shells  be  alike,  and  if  one  vane  with  its  pair 
of  shells  can  at  most  produce  a  charge  in  the  second  shell  only 
ten  times  greater  than  that  in  the  first,  it  is  clear  that  ten  vanes 
and  their  shells  would  produce  a  maximum  charge  in  the  final 
shell  io'%  or  io,cxx),ooo,ooo  times  greater  than  on  the  first  shell. 
The  tension  of  this  final  shell,  if  all  disturbing  causes  be  removed, 
would  likewise  be  10,000,000,000  times  greater  than  that  of  the 
first  shell  under  similar  circumstances.  Metallic  screens  in  con- 
nection with  the  earth  are  used  between  each  pair  of  coupled  shells 
to  prevent  their  action  one  on  the  other,  and  also  surroimding  the 
whole  apparatus  to  screen  it  from  irregularity. 

As  a  proof  that  this  instrument  can  be  relied  on  as  indicating  a 
real  multiplication  of  the  charge  originally  given  to  the  first  plate, 
Mr.  Varley  showed  to  the  Jury  a  strong  positive  tension  of  the  posi- 
tive pole  of  a  single  Darnell's  voltaic  cell,  by  a  definite  number  of 
rotations  of  the  axis  ;  and  then,  reversing  the  poles  of  the  battery, 
and  turning  the  axis  of  the  instrument  dovhle  the  number  of  times 
used  to  produce  the  first  tension,  he  reversed  that  tension,  and  pro- 
duced a  very  nearly  equal  tension  of  the  opposite  kind.  The  ten- 
sions were  strong  enough  to  produce  sparks. 

.  Mr.  Varley  states  that  he  has  obtained  a  multiplication  of  more 
than  15,000  times  the  original  tension  by  the  use  of  this  instru- 
ment. 
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CHAPTER  in. 
FRICTIONAL  ELECTRICITY  {cojUintied). 

A|>piiriitu4  fur  Exuidng  sail  Accumulating  Electricity. 

(l6)  Tbe  BleotrioBI  MnolilDe. — The  first  apparatus  that  im 

constructed  for  tbe  exhibition  of  electrical  pheuomena,  to  irhicli  tba 
name  of  ^ectricid  machine  w>tB  pven,  was  the  globe  of  sulphur  used 
b;  Boyle  and  Otto  Ouericlce.  The  Bubstitutdou  of  glass  for  «til- 
phur  was  made  by  Newton,  the  rubbers  in  botb  cases  being  tbe 
band.  That  important  part  of  the  machine  called  the  prime  eon- 
duelor  was  flrat  introduced  b;  Boze ;  it  connstod  of  an  iron  tube 
suspended  by  silken  strings ;  and  the  substitution  of  a  cushion  for 
ap]^ying  fiiction  in  the  place  of  the  hand  waa  first  made  by 
Winkler. 

The  electnc  of  the  modem  electrical  machine  is  generaJlj  glasE, 
and  tbe  form  either  s  cylinder  or  a  plate;  discs  of  guttarpereba 
and  ebonite  are  also  employed ;  and  it  has  recently  been  proposed 
to  return  to  sulphur,  a  disc  of  which,  a  metre  in  diameter  and  two 
or  three  ceatimetres  thick,  makes,  according  to  M.  Iticber  (f  V-encI 
Academy  of  Sciences,  Jan.  30,  186;),  an  excellent  machine. 

The  glass  cylindrical  electrical  machine  is  shown  in  Fig.  22. 

It  conEists  oF,  I,  a  hollow  Cfliader  of  glau  lupported  on  brMa  bsariiigi 
whicb  revolve  in  ap- 

rigbt    pieces  of   wood  "*■  "' 

sttsohed  to  a  reclsn- 
gulor  ba»  ^  s»  a  cuah- 
loD  of  leather  stuffeil 
with  horse-hfliT,  and 
fixed  Co  a  pillar  of 
gU«s,  furnished  with  a 

degree  of  preseore  on 
the  Cflinder  ;  3,  a  cy- 
linder nf  metal  or 
wood  covered  with  tin 
f(nl,  mounted  m  a 
glaaa  stand,  and  tttrmi- 
nated  on  one  aide  b;  a 
series  of  points,  and  on 
the  other  aide  b;  a 
brasa  ball.    A  flap  of 

the  rubber  to  prevent 
tbe  dissipation  of  elec- 
trlcit}'  from  the  Burface  of  the  cj-llnder  before  it  reacbea  the  points. 
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The  snifoce  of  the  leather  cushion  ia  smeand  with  a  metallic  imalgam. 
mads  bj  melting  together  five  parte  of  linc  and  three  parts  of  tin,»nd  pour- 
ing gradually  on  the  melled  mixture  nice  parts  of  metallic  mercury  pre- 
viously warmed  :  the  whole  is  shaken  briskly  till  cold,  in  an  iron  or  thick 

maelin,  and  mixed  with  lard  in  sufficient  quantity  to  reduce  it  lo  the  con- 
sistency of  paste.  This  preparation  should  be  spread  cleanly  over  the  surface 
uT  the  cushion,  up  to  the  line  formed  by  the  junction  of  the  silk  Hap  with 
the  cushion.  By  the  use  of  this  amalgam  electrical  excitation  is  greatly 
promoted. 

The  gloBB  ptata  electrical  machine  ia  shown  in  Fig.  22. 
It  consista  of  a  drcnlar  plate  of  thick  flinty  glaas,  revolving  vertically  by 
ineaaa  of  a  winch  between  two  uprights.    Two  pairs  of  rubbers,  formed  of 
dips  of  elastic  wood  covered  with  leather^  stufl'ed  with  horse-hair,  and 


furnished  with  silk  flaps,  are  placed  at  two  eqnJdlstaDt  portions  of  the  plaie, 
on  which  their  pressure  may  he  increased  or  diminished  by  means  of  brass 
screws.  The  prime  condnctor  consists  of  hallow  brass,  supported  horizontally 
from  one  of  the  uprights :  its  aims,  where  they  approach  the  plates,  being 
fumisbed  with  poinja. 
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Sir  WiUiam  Snow  Hams'a  arrangement  of  the  plftte  electricil 
machine  ia  aliown  in  Fig.  23. 

The  plate  aa, about  three  feet  in  diameter, iBmountedoD  smetallk  u 
rerting  on  two  horizontal  sopports  of  mahogany,  which  are  themselnt 
siuiaiDed  by  toai  vertical  mahogany  colnmns,  fixed  opon  a  firm  frame  as  ■ 
base.  The  whole  appuatiu  reati  on  the  four  legs  B  c  D  f,  and  these  agtn. 
rent  upon  another  steady  ftame,  provided  with  three  levelling  screwa,  or" 
for  securing  it  in  a  boriiontal  poaition.    The  rubbers  are  insulated  on  I 


glass  pillars  K  K,  one  on  either  side  of  ihe  horizontal  diameter  of  the  plate. 
L  M  M  is  the  posirivB  conductor,  projecHng  in  a  vertical  position  in  front  of 
the  plate;  while  the  negativecondiictDr,OF,pasees  In  a  curvilinear  direction 
behind,  and  connects  the  rubber  orea:bstde. 

The  glass  plate  is  turned  by  an  insulated  handle,  immediately  inftont  of 
which  is  placed  a  shra't  index,  vhich  ie  fixed  to  the  axis,  and  which  movea 
over  a  graduated  circle  attached  to  the  horizontal  part  of  the  frame,  and 
through  the  centreof  which  the  axis  passes.  In  this  mannai  the  nuiDber  of 
revolutions  of  the  plate  may  be  accurately  rej^istered. 

The  matihine  used  b;  Faraday  in  hisfamons  researches  is  some- 
wbnt  umilar  in  csnstructioii  t<i  the  above.     The  plata  ia    jo 
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inches  in  diameter,  and  the  metallic  surface  of  the  conductor  in 
contact  with  the  air  about  142*2  square  inches.  When  in  good 
excitation,  one  revolution  of  the  plate  will  give  ten  or  twelve  sparks 
h  from  the  conductor,  each  an  inch  in  length,  and  sparks  or  flashes 
*-  from  10  to  14  inches  in  length  may  easily  be  drawn  from  the  con- 
ductor. 

A  magnificent  plate  electrical  machine  was  many  years  ago 
constructed  for  the  late  Panopticon  of  Science  in  Leicester  Square. 
The  plate  of  this  machine  was  ten  feet  in  diameter :  it  was  turned 
by  steam  power,  and  excited  by  three  pair  of  rubbers,  each  pair 
nearly  3  feet  in  length.  The  conductor  was  pearnshaped,  6  feet 
in  length,  and  4  feet  in  diameter  at  its  widest  part.  When  well 
excited,  sparks  from  15  to  18  inches  in  length,  and  of  remarkable 
brilliancy  and  vokime,  could  be  drawn  from  the  terminal  ball  of 
the  conductor,  and  a  battery  of  thirty-six  jars,  presenting  108 
square  feet  of  coated  glass,  could  be  charged  to  saturation  in  less 
than  one  minute. 

(17)  ]lelative-inerlto*of  tbe  Cylinder  and  Plate  Electrical 
Macbine. — Cylinder  machines  have,  according  to  Hearder  (Phil, 
Mag.  vol.  xv.  p.  290),  a  superiority  in  their  exciting  power  over 
plate  machines  of  equal  surface  in  the  proportion  of  4  to  i,  and  are 
for  ordinary  experimental  purposes  much  more  convenient.  A 
cylinder  of  12  inches  in  diameter,  having  a  single  rubber  of  9  inches 
in  length,  is  equal  to  a  24-inch  plate  machine  having  four  rubbers 
each  5  J  inches  long.  In  very  large  plate  machines,  where  a  single 
pair  of  rubbers  only  is  used,  the  sacrifice  of  power,  in  proportion  to 
the  size  of  the  machine,  is  very  great,  a,nd  the  only  advantage 
which  they  appear  to  possess  as  a  compensation  for  this  loss  is 
that  of  affording  very  long  sparks  from  a  large  conductor. 

A  well-constructed  machine,  having  a  cylinder  32  inches  in  cir- 
cumference, and  a  rubber  9  inches  in  length,  with  a  prime  conduc- 
tor 4  or  5  inches  in  diameter  and  20  inches  long,  should,  without 
the  necessity  of  warming  the  cylinder,  give  four  to  six  dense  sparks 
of  3  to  3j  inches  in  length  for  every  revolution  of  the  cylinder.  A 
2-inch  ball  inserted  into  the  conductor  should  throw  off"  spontane- 
ously rapid  brushes  of  electricity  into  the  air,  and  furnish  zigzag 
sparks  of  9  inches  or  more  in  length  ;  it  should  also  charge  a 
Leyden  phial  of  ordinary  thickness,  containing  4  square  feet  of  in- 
ternal siurface,  so  as  to  discharge  at  0*5  of  an  inch  with  48  or  50 
turns. 

The  best  material  for  the  flap  attached  to  the  rubber,  is,  accord- 
ing to  the  same  authority,  thin  yellow  oiled  silk ;  it  should  be 
varnished  on  one  side  only,  the  unvarnished  side  being  applied  to 
the  glass  to  prevent  adhesion.    If  both  sides  of  the  silk  are  var- 
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nished;  that  side  which  is  to  be  applied  to  the  glass  should  be 
prepared  by  giving  it  two  or  three  coatings  of  shell-lac  yamislL 
As  a  great  desideratum  is  the  close  approziniation  of  the  flap 
with  the  cylinder^  the  common  practice  of  sewing  the  silk  flap  to 
the  upper  end  of  the  rubber  is  objectionable ;  it  should  be  attadied 
to  the  lower  end,  and  allowed  to  pass  up  between  the  rubber  and 
the  cylinder.  In  order  to  prevent  the' injury  which -would  accrue 
to  the  flap  from  repeatedly  spreading  the  amalgam  upon  the  sin>- 
face  which  covers  the  rubber,  a  second  piece  of  unoiled  silk  k 
attached  to  the  lower  end  of  the  rubber  and  turned  up  over  its  face 
so  a»  to  receive  the  amalgam ;  when  torn,  it  may  easily  be  replaced. 
The  silk  flap  should  extend  over  one-fourth  of  the  circumference  of 
the  cylinder. 

The  substitution  of  discs  of  dxmite  for  those  of  glass  in  the 
plate  electrical  machine,  and  of  conductors  mounted  on  ebonite 
stems,  gives  excellent  results,  allowing  the  apparatus  to  be  worked 
satisfactorily  in  damp  states  of  the  atmosphere,  when  instruments 
made  with  the  conmion  glass  mountings  would  be  nearly  useless. 
At  the  International  Exhibition  of  1862,  Mr.  0.  F.  Varley  exhi- 
bited a  machine,  the  ebonite  disc  of  which  was  35  inches  in 
diameter.  A  large  induction  ring  was  used  with  this  machine, 
on  the  plan  recommended  by  Dr.  Winter,  of  Vienna.  Under 
favourable  circumstances,  sparks  20  inches  in  length  could  be  ob- 
tained from  Mr.  Yarley's  instrument.  Without  Dr.  Winter's  ring 
the  sparks  are  reduced  to  about  7  inches. 

The  amalgam  used  with  ebonite  should  be  softer  than  that 
used  with  glass,  otherwise  the  disc  deteriorates  with  use. 

(18)  Tbeory  of  tbe  Bleotrlcal  Maobine. — ^The  theory  of 
the  action  of  the  electrical  machine  flows  immediately  firom  the 
principles  of  induction  already  illustrated  (7).  On  tmming  the 
handle,  the  natural  electricity  of  the  rubber  becomes  by  friction 
disturbed,  the  positive  fluid  adhering  to  the  surface  of  the  glass, 
and  the  negative  to  the  rubber.  The  positive  electric  portions  of 
the  glass,  coming,  during  its  revolution,  opposite  to  the  points  on 
the  conductor,  act  powerfully  by  induction  on  the  latter,  attracting 
the  negative,  which,  being  accumulated  in  a  state  of  tension  at  the 
points,  darts  off  towards  the  cylinder  to  meet  the  positive  fluid,  and 
thus  re-constitute  the  neutral  compound :  the  consequence  is,  that 
the  conductor  is  left  powerfully  positive,  and  the  rubbers  propor- 
tionately negative,  and  after  a  few  revolutions  of  the  glass  no  more 
free  positive  electricity  can  be  developed,  provided  the  rubbers  are 
insulated.  It  is  therefore  necessary  to  put  them  into  conducting 
communication  with  the  earth,  whereby  a  sufficient  supply  of  posi- 
tive electricity  is  obtained  to  neutralise  its  negative  state.     In  yerf 
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diy  wieathflT  it  is  neoMniy  to  eomuet  tba  rabbm  with  the  mcnit 
entikliyiifteazuiofagoodooiidiietor;  anditlBMlTiMUeyif  poiailile, 
towtaUiflh  a  nMrtallie  oonneotion  with  the  metalUo  water  pipee. 

On  preeeintiDg  to  thepdmM  ecndiietor  the  Imncldey  or  a  ooodii^ 
inghody  in  electrieal  eonmnmiftatifln  with  the  earth,  a  fivid  ipeik 
peans  between  them,  aocompeiiied  by  a  eharp  mappu^  eomid*    It 
kiwial  to  speak  of  this  epvic  (m.  tiie  eaae  of  a  glan  eleetrieal 
nudhnie)  ae  the  pomtitfe  tpark :  a  tenn  which,  aooordiog  to  the 
eiedxieid  theory  now  generaUy  adopted,  does  not  oonrej  a  eorrect 
ilea  of  its  nature.    Aooordiiig  to  liie  principles  of  induction  (7), 
the  free  poflitire  eleetiidty  on  the  prime  conductor  disturbs  the 
oRitral  electrical  oondition  of  a  neighbouring  and  passive  con- 
ductor, drawing  tiie  negative  fluid  towards  itsdi^  and  repelling  the 
poaHxvB ;  and  when  this  state  has  amounted  to  one  of  snffident 
tmAm,  the  negative  electricity  rushes  towards  the  positive  eleo- 
diaty  of  the  conductor.    It  is  this  neutralisation  or  discharge  of 
thB  electric  state  of  the  conductor  iriiieh  constitutes  the  spark 

I^  instead  of  connecting  the  rubbers  with  the  earth,  they  are 
Iflft  insulated,  and  the  prime  conductor  uninsulated,  then  sparks 
win  pass  between  the  rubbers  and  a  conducting  body  in  electrical 
eommunication  with  the  earth ;  and  if  both  rubbers  and  prime 
eonductor  be  insulated,  but  c(nmected  together  by  a  metallic  wire, 
no  trace  of  electricity  can  be  obtained  from  any  pa^  of  the  machine. 
Thus,  in  order  to  get  any  development  of  electricity,  there  must  be, 
either  with  the  rubber  or  with  the  prime  conductor,  electrical 
communication  with  the  earth  as  the  great  natural  reservoir  of 
electricity. 

With  regard  to  this  Professor  Fleeming  JenHn  remarks : — 

'  This  induction  of  dectrici^  must  take  place  in  the  space  surroundiD^ 
every  electrified  body.  In  a  room  containing  a  ball  electrified  positively, 
the  surface  of  the  nvalls,  the  furniture,  the  experimenter  himself,  must  neces- 
sarily all  he  charged  negatively  in  virtue  of  their  induction.  Where  does 
tiiis  negative  electricity  come  from  ?  If  the  electrified  body  has  been  charged 
positively  by  rubbing,  and  the  negative  electricity  has  been  allowed  free 
access  to  the  earth,  it  may  be  said  that  this  negative  electricity  has  been 
attracted  to  the  surface  of  the  walls,  famiture,  &c.,  distributing  itself  ac- 
cording to  definite  laws  which  must  be  separately  studied.  If  both  rubber 
and  glass  have  been  insulated,  then  each  induces  on  all  surrounding  surfaces 
positive  and  negative  electricities  equal  each  to  each,  but  these  induced 
quantities  are  now  not  necessarily  equal  to  the  amount  on  the  glass  or  on 
the  rubber,  unless  these  he  removed  verj*^  far  apart  from  one  another.  If 
the  two  oppositely  electrified  bodif>s  are  kept  close  together,  their  inductive 
actions  are  spent  almost  entirely  on  each  other,  and  their  action  on  the  sur- 
rounding w^ls  of  the  room  is  almost  nothing,  for  where  the  one  tends  to 
induce  a  positive  charge  the  other  tends  to  induce  a  negative  charge  ;  as 
the  insulated  electrified  bodies  are  removed  farther  apart,  each  produces  its 
Jndepeadeat  effect  more  completely.'    (Jenkin,  JElectricity  and  Magnetism.') 
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(19)  Tbe  Hydro-Bleotrio  Machine. — Under  the  h 
Frictional  Electricity  must  be  included  the  remarkable  sc 
development  by  effluent  steamy  which,  in  the  hands  of  F 
Armstrong,  Ibbetson,  and  others,  has  led  to  the  construe 
machines  capable  of  producing  electricity  in  enormous  quan 

The  first  account  we  have  of  an  observation  on  the  electi 
a  jet  of  steam  is  contained  in  a  letter  addressed  to  Professo 
day  by  Mr.  (now  Sir  William)  Armstrong  (PAtV.  Mag.  vol 

Fig.  24. 


The  phenomenon  was  first  noticed  by  a  workman :  it  happened  • 
cement  by  which  the  safety-valve  was  secured  to  a  boiler  had  a  era 
and  through  this  fissure  a  copious  horizontal  jet  of  steam  constant!} 
Soon  after  this  took  place,  the  engine-man,  having  accidentally  on 
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hands  immersed  in  the  issuing  steam,  presented  the  otlier  to  the  lever  of  the 
valve  with  the  view  of  adjusting  the  weight,  when  he  was  greatly  surprised 
by  the  appearance  of  a  brilliant  spark  which  passed  between  the  lever  and 
his  hand,  and  was  accompanied  by  a  violent  wrench  in  his  arms,  wholly 
unlike  anything  he  had  ever  experienced  before. 

A  series  of  experiments  instituted  by  Mr.  Armstrong  led  him  to 
the  conclusion  that  the  excitation  of  electricity  takes  place  at  the 
point  where  the  steam  is  subjected  to  friction ;  and  it  was  sub- 
sequently shown  by  Faraday  that  the  presence  of  water  is  necessary, 
and  that  in  fact  tiie  generation  of  electricity  is  the  result  of  the 
Mction  of  condensed  particles  of  water  whilst  being  driven  by  the 
issiiing  steam  through  the  jet  from  which  it  escapes. 

The  hydro-electric  machine  is  shown  in  Fig.  24. 

The  boiler  is  2  ft.  6  in.  in  length,  and  i  ft.  2  in.  in  diameter  ;  A  is  the  door 
of  the  fire-place  ;  b  c,  the  conductor  for  collecting  electricity  from  the  steam  ; 
c,  the  collecting  points ;  b,  a  glass  insulating  stem  ;  d,  the  escape-tubes  and 
jets,  of  peculiar  construction,  and  made  of  partridge  wood  ;  b,  the  condensing 
vessel  enclosing  the  iron  pipes  by  which  the  steam  is  conveyed  to  the  jets 
The  lower  part  of  the  condensing  vessel  contains  water,  which  nearly  reaches 
the  lower  end  of  the  steam-pipes ;  from  the  latter  are  suspended  filaments  of 
cotton,  which  dip  into  the  water,  and  by  capillary  action  raise  just  sufficient 
to  cause,  by  its  action  on  the  pipes,  a  condensation  of  the  requisite  quantity 
of  water  for  rubbing  against  the  jets ;  f  a  is  the  cock  for  letting  off  the 
steam ;  h,  jhe  chimney ;  1 1 1 1,  the  insulating  glass  pillars ;  k  k,  the  frame 
moving  on  castors ;  aoj  the  water-gauge  ;/c,  condensing  pipes  for  showing 
the  effect  of  impregnating  the  ejected  water  with  extraneous  substances,  and 
for  exhibiting  two  jets  of  steam  simultaneously,  issuing  from  the  boiler  in 
opposite  states  of  electricity  ;  b,  the  cock  for  introducing  extraneous  matter  ; 
c  d,  cocks  for  admitting  steam  to  the  pipes ;  ^,  the  safety-valve ;  A,  the 
escape-pipe  for  the  vapour  of  the  condensing  tube.  The  fuel  is  charcoal. 
When  in  good  working  order,  a  machine  of  the  above  size  will  produce^  ac- 
cording to  the  makers,  as  much  electricity  as  three  30-inch  plate  machines. 

The  electricity  produced  by  the  hydro-electric  machine  is  more 
remarkable  for  its  enormous  quantity  than  for  high  intensity.  A 
magnificent  machine  was  some  years  ago  constructed  for  the  Royal 
Polytechnic  Institution,  under  the  superintendence  of  Messrs. 
Armstrong  and  Ibbetson.  The  maximum  spark  obtained  in  the 
open  air  was  22  inches  in  length.  While  working  in  l^e  tedure- 
room  of  the  institution  the  length  of  the  spark  rarely  exceeded  14 
inches,  bat  it  was  capable  of  charging  80  feet  of  coated  glass  in  6 
or  S  seconds^  to  do  which  required  £^m  a  glass  plate  tttachiae  7 
feet  in  diameter  about  50  seconds.  A  still  more  powerful  machine 
was  constructed  for  the  use  of  an  institution  in  America.  The 
steam  was  made  to  issue  through  140  jets.  The  sparks  obtained 
were  not  longer  than  those  obtained  from  the  London  machine,  but 
they  succeeded  each  other  with  three  or  four  times  the  rapidity, 
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and  churged  to  the  utmost  degree  that  it  could  bear  &  batterj  of 
thirty-sU  Leyden  jars,  each  containing  33  feet  of  coated  surface^ 
upwards  of  sixty  times  in  a  miiiut«. 

(20)  Different  fOmu  or  Dlamptlve  IM»elwrK«. — The  dis- 
charge which  takes  place  betweeo  two  conducting  Burfaeea  u 
termed  diiruptive. 

'  It  is,'  according  to  Faraday's  view, '  the  limit  of  the  influeutte 
which  the  intervening  air  or  dielectric  exerts  in  reusting  dischai^ 
It  occurs  not  when  all  the  particles  have  attained  to  a  certun 
degree  of  tendon,  but  when  that  particle  which  is  most  afiected 
hiiB  been  exalted  to  the  subverting  or  turning  point ;  all  must  then 
give  way,  since  they  are  linked  together,  as  it  were,  by  the  in- 
fluence of  the  conatruning  force,  and  the  breaking  down  of  one 
particle  must  of  necessity  cause  the  whole  harrier  to  be  over- 
turned.' 

(a)  Spark  ditcA<n-ge. — This  may  be  considered  as  the  deetruo- 
tion,  by  a  convulsive  efibrt,  as  it  were,  of  the  polarised  inductive 
state  of  many  dielectric  particles  by  a  particular  action  of  a  fbw 
occupying  a  limited  space,  '  all  the  previously  polarised  pfirticle* 
returning  to  their  first  or  normal  condition  in  the  inverse  order  in 
which  they  left  it,  and  uniting  their  powers  meanwhile  t«  produce 
or  rather  to  continue  the  discbai^  efiect  in  the  place  where  the 
subversion  of  force  first  occurred.'  (Faraday,  Ex.  Setearch.  13th 
and  14th  series.) 

Several  circumstances  contribute  to  exert  a  marked  influence 
on  the  character  and  appearance  of  the  electric  spark.  If  a  large 
uninsulated  metallic  ball  be  brought  within  strildng  distance  of  ao 
equal-sized  ball  attached  to  the  prime  conductor  of  a  machine  in 
vigorous  action,  the  sparks  are  short,  straight^  hriUiant,  and 
sonorous ;  if  the  ball  attached  to  the  prime  conductor  be  smtjl  (ao 
inch  or  so  in  diameter),  the  sparks  are  no  longer  straight,  but  they 
are  much  longer  and  less  luminous.  They  have  now  a  crooked 
or  zigzag  appearance,  reminding  forcibly  of  that  form  of  lightning 
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"         The  electric  spark  presents  different  appearances  in  different 
3.  elastic  media. 

In  air  they  have,  when  obtained  with  brass  balls,  a  Mrell-known  intense 
'.   light  and  bluish  colour,  with  frequently  faint  or  dark  parts  in  their  course, 
^    when  the  quantity  of  electricity  passing  is  not  great. 

In  nitrogen  they  are  very  beautiful,  having  the  same  general  appearance 
■    as  in  air,  but  more  colour  of  a  purple  or  bluish  character. 
3  In  bxyffen  they  are  brighter,  but  not  so  brilliant  as  in  common  air. 

g  In  hydrogen  they  are  of  a  fine  crimson  colour,  but  have  very  little  sound 

in  consequence  of  the  physical  character  of  the  gas. 

In  carbonic  acid  gas  they  have  the  same  general  appearance  as  in  air,  but 
^     are  remarkably  irregular.    Sparks  can  be  obtained  under .  similar  circum- 
stances much  longer  than  in  air,  the  gas  showing  a  singular  readiness  to 
pass  the  discharge. 

In  muriatic  acid  gas,  when  dry,  they  are  nearly  white,  and  almost  always 
bright  throughout. 

In  coal  gas  they  are  sometimes  green,  sometimes  red  ;  occasionally  one 
part  is  green  and  another  red.  Black  parts  also  occur  very  suddenly  in  the 
line  of  the  spark,  i.e.  they  are  not  connected  by  any  dull  part  with  bright 
portions,  but  the  two  seem  to  join  directly  the  one  with  the  other. — Faraday. 

The  pressure  or  density  of  the  air  exercises  a  great  influence  on 
the  spark  disruptive  discharge.  Harris  found  {PhU.  Trans.  1834) 
that  the  quantities  of  electricity  required  to  produce  discharge 
across  a  constant  interval  varied  exactly  with  the  variations  of 
density,  the  quantity  of  electricity  and  density  of  the  air  being  in 
the  same  simple  ratio.  Or,  if  the  quantity  retained  were  the  same, 
whilst  the  interval  and  density  of  the  air  were 
varied,  then  these  were  found  in  the  inverse 
simple  ratio  of  each  other,  the  same  quantity 
passing  across  twice  the  distance  with  air  rare- 
tied  to  one  half. 

For  illustrating  the  influence  of  the  condensation 
and  rarefaction  of  air,  and  for  examining  the  effects  of 
different  gases  on  the  colour  and  appearance  of  the  elec- 
tric spark,  the  simple  apparatus  shown  in  Fig.  26  may 
be  employed.  It  consists  of  a  glass  globe  about  four 
inches  in  diameter,  provided  at  each  end  with  a  brass 
cap  ;  to  one  of  which  a  stop  cock  is  screwed,  with  a 
wire  and  ball  projecting  into  the  globe,  and  through  the 
other  a  similar  wire  slides  through  a  collar  of  leather, 
80  that  the  balls  may  be  set  at  any  required  distance 
from  each  other  in  the  globe.  The  apparatus  may  be 
exhausted  by  the  air  pump,  or  the  air  may  be  condensed, 
in  it  by  a  condensing  syringe. 

The  apparatus  shown  in  Fig.  27  may  also  be  used 
for  performing  some  striking  experiments.    The  receiver  having  been  ex- 
hausted is  screwed  on  a  transfer  plate,  which  is  connected  by  a  wire  with 

D 


Fig.  26. 


34 


FRICTIONAL   ELECTRICITT. 


Fig.  27. 


the  negative  conductor :  the  upper  ball  being  connected  with  the  podtiTfr 
The  balls  should  be  set  at  a  distance  of  about  5  or  6  inches  apart.    Oi 

turning  the  machine  a  current  of  beantiftil  ligiil 
passes  from  the  positive  to  the  negative  ball,  (A 
which  it  breaks  and  divides  into  a  Inminoos  a^ 
mosphere,  entirely  surrounding  the  lower  ball  and 
stem ;  and  conveying  in  a  striking^  manner  tiie 
idea  of  a  fiuid  running  over  the  surface  of  a  re* 
sisting  solid,  which  it  cannot  enter  w^ith  facility. 
No  appearance  of  light  occurs  on  the  positive 
ball,  but  the  straight  luminous  line  that  passes 
from  it  If,  however,  it  be  rendered  negative  and 
the  lower  ball  positive,  these  effects  are  reversed. 
Let  a  glass  tube,  two  or  more  feet  long  and 
furnished  at  either  end  with  a  brass  ball  project- 
ing into  its  interior,  be  well  exhausted  of  its  air ; 
let  B  be  connected  with  the  prime  conductor  and 
b'  with  the  earth,  when  the  machine  is  turned, 
induction  taking  place  with  increased  facility  in 
consequence  of  the  rarefaction  of  the  air,  discharge 
takes  place  through  the  tube  filling  it  with  a 
beautiM  blue  light,  closely  resembling  the  aurora 
torealis. 


Spark  discharge,  immediately  following  exalted  induction,  is  beautifully 
illustrated  by  the  *  magic  pane,'  which  is  merely  a  plate  of  glass  on  whidi 
are  pasted  some  strips  of  tin  foil,  having  portions  cut  out  so  that  the  space 
represents  letters  as  shown  in  the  figure.  On  connecting  the  fii*st  piece  of 
foil  with  the  conductor  and  the  last  with  the  ground,  the  letters  will  appear 
in  characters  of  fire  in  consequence  of  luminous  discharge  taking  place, 

apparently  at   the  same   mo- 
Fig.  29.  ment,    across   all    the     open 

k  spaces.  In  a  similar  manner 
lozengeshaped  pieces  of  tin 
foil  may  be  arranged  spirally 
round  a  glass  tube,  3  or  4  feet 
long  ;  a  beautiful  spiral  line  of 
sparks  is  produced,  on  bring- 
ing one  end  of  the  tube  within 
striking  distance  of  the  prime 
conductor  and  holding  the 
other  end  in  the  hand. 

Fig.  30  represents  an  ar- 
rangement for  exhibiting  the 
revolution  of  a  spotted  tube.     It  is  made  of  a  glass  tube,  blown  smootli  and 
round  at  one  end  and  open  at  the  other :  it  should  be  about  ten  inches  long 
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and  three-quarters  of  an  inch  in  diameter.  A  ball  or  piece  of  smooth  tin- 
foil  is  fixed  on  the  upper  closed  end,  and  the  usual  spots  of  foil  carried  in  a 
spiral  form  to  the  lower  open  end.  A  cap,  either  of  wood 
or  brass,  is  cemented  on  the  outside  of  the  lower  end 
of  the  tube,  fiwm  which  four  wires  project  outwards, 
having  their  points  bent  at  right  angles.  The  tube  is 
then  set  on  an  upright  wirci  which  passes  upwards  into 
the  tube  to  its  top,  and  this  wire  is  then  set  on  an  in- 
sulated stand  and  brought  near  the  prime  conductor. 
It  can  thus  revolve  with  great  ease. 


Fig.  30. 
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(6)  Brush  discharge, — ^This  has  been  shown 
by  Wheatstone  to  consist  of  successive  inter- 
mitting  discharges,  although  it  appears  continu- 
ous. It  is  in  reality  a  discharge  between  a  bad 
or  a  non-conductor,  and  either  a  conductor  or 
another  non-conductor.  According  to  Faraday 
it  may  be  considered  as  a  spark  to  air ;  a  diffu- 
sion of  electric  force  to  matter,  not  by  con- 
duction,  but  by  disruptive  discharge.  He  ex- 
plains the  phenomenon  on  the  principle  of  in- 
duction, which,  taking  place  between  the  end 
of  an  electrified  rod  and  the  walls  of  a  room 
across  the  dielectric  air,  polarises  the  particles  of 
air ;  those  which  are  nearest  to  the  end  of  the 
wire  being  most  intensely  polarised,  and  those 
situated  in  sections  across  the  lines  of  inductive 
force  towards  the  wall  being  least  polarised.  In  consequence  of 
tills  state,  the  particle  of  air  at  the  end  of  the  wire  is  at  a  tension 
that  will  immediately  terminate  in  discharge,  while  in  those  even 
only  a  few  inches  off  the  tension  is  still  beneath  that  point.  When 
discharge  takes  place  the  particle  of  air  in  the  fi^t. 
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immediate  vicinity  of  the  rod  instantaneously  '^''^S^i^:^^!:^!:^'^-^' 
resumes  its  polarised  state ;  the  wire  itself  re-  '^'^^iilil5;»*' 
gaining  its  electrical  state  by  induction,  the 
polarised  particle  of  air  exerts  a  distinct  induc- 
tive act  towards  the  further  particles,  and  thus 
a  progressive  discharge  from  particle  to  par- 
ticle takes  place. 

The  general  appearance  of  a  good  brush  is  repre- 
sented in  Fig.  31.  It  may  be  thus  produced  by  at- 
taching to  the  prime  conductor  of  a  powerful  electrical 
machine  a  long  brass  rod  terminated  bv  a  brass  ball 
about  0*7  of  an  inch  in  diameter.  If  the  machine  be 
not  in  very  good  action,  many  ways  of  assisting  the 
formation  of  a  brush  may  be  resorted  to :  thus  the 
hund  or  anr  large  conducting  surface  may  be  approached  towards  the  ball 
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to  increase  the  inductive  force ;  or  the  terminal  ball  may  be  smaller,  ando 
badly  conducting  matter,  such  as  wood  j  or  (which  gives  to  the  bmahes  a 

ceedingly   fine  chancUi 
^fif'  3''  and  great  magnitude)  th 

air  round  the  terminitio 
may  be  rarefied,  uKfte  < 
less,  either  by  heat  or  tl 
air  pump. 

By  making  a  small  ba 
positive  by  a  good  6lecti 
cal  machine  with  a  l<i| 
prime  conductor,  and  a 
proaching  a  large  unins 
lated  discharging  ball  1 
wards  it,  vi6ry  beautiful  ^ 
riations  from  the  spark 
the  brush  may  be  obt«n< 

Figs.  32,  33.  34  reP«« 
the  various  forms  assnni 
by  the  brush  on  bring! 
a  knobbed  conductor  ii 
different  positions  near  1 
discharging  ball ;  the  c 
vature  of  the  ramificati< 
illustrating  in  a  beauti 
manner  the  curved  form 
the  lines  of  Inductive  fo 
existing  previous  to  c 
charge,  in  the  same  vox 
ner  as  iron  filings  stre? 
on  a  sheet  of  paper  pla< 
over  a  magnet  repress 
magnetic  curves. 

Faraday  found  that,  1 
the  spark,  the  brush  1 
specific  characters  in  different  gases.  In  nitrogen  they  could  be  obtained  w 
far  greater  facility  than  in  any  other  gas,  and  when  the  gas  was  rarefied  tt 
were  exceedingly  fine  in  form,  light,  and  colour ;  in  oxygen,  on  the  otl 
hand,  they  were  very  poor. 

Brush  discharge  is  accompanied  with  a  low,  dull,  chattering  sound.  1 
general  brush  is  resolvable  into  a  number  of  individual  brushes,  each 
which  is  the  result  of  a  single  discharge,  and  the  sound  is  due  to  the  rec 
rence  of  the  noise  of  each  separate  dischaige. 

Fig.  34. 
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(c)  Glmo  dischay-ge.— When  a  fine  point  is  used  to  prodi 
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diaruptiTe  diacharge  from  a  podtivelj  charged  conductor,  thebnub 
gives  place  to  a  quiet  pboaphoreacent  contiuuoiu  glow  covering  the 
whole  end  of  the  -wire  and  extending  a  amall  distance  into  the  air. 
Glow  di^barge,  like  brush  dlBcharge,  is  always  accompanied  hj  a 
wind  proceeding  either  directly  out  from  iha  Rowing  part  or 
directly  towards  it.  It  appears  to  be  due  to  a  contiDuous  cbargi> 
or  diachai^  of  air. 

OccaaionaU^  glow  takes  the  place  of  bnuh  vhen  a  rounded  wire  03  of  la 
inch  In  diametci  is  naed,  and  the  Boer  the  point  the  moTe  readily  is  it  prv- 
duced.  It  i>  surpruinglf  hvoured  by  rarelkcdaD  af  the  air.  A  brasa  ball 
about  3)  indtes  in  diameter,  when  luide  pogittTS  in  ui  lii  pump  receiver, 
becomes  covered  with  a  glow  over  ui  ana  of  two  inches  in  diameter  Hbeu 
the  presstue  ia  reduced  to  45  inchee  of  mercuTj.  By  a  little  adjustment 
Faraday  succeeded  ic  covering  the  ball  all  over  with  this  light :  uning  a 
bniaa  ball  1*25  inch  in  diameter,  and  makii^  it  indueitoiaii/  poeitive  by  an 
nditctric  oegmir^  point,  the  phenomena  at  high  degrees  of  rarefaciion  were 
exceedingly  beautiful.  The  glow  came  over  the  positive  ball  and  gradually 
increased  in  brightncn  until  it  was  at  last  very  Inminoui,  and  stood  up  like 
1  low  flame,  halt  an  iuch  or  more  in  height 

On  tonehiog  the  sides  of  the  glass  jar,  this  lambent  dame  was  affected, 
assnmed  a  ring  form  like  a  crown  on  the  cop  of  the  ball,  appeared  flexible, 
'      and  revolved  vfith  a  comparatively  slow  motion  1. 1.  about  four  or  Ave  times 
I       in  1  second. 

'  (21)  Diamptlve  dlaotaarice  at  positive  and  aag^Uvt  oon- 

dnctlDK  sortaoea. — According  to  Farodaj, 
tbe  effect   varies  exceedingly  undor  difl'ereiit  ^'S-  3J- 

circumstances.  With  bad  conductors,  or  with 
metallic  conductors  charged  intermittizig-ly, 
the  luminous  appearance  at  tlie  end  of  wire 
charged  posiiivelt/  assumes  the  form  of  a  bnah, 
and  that  at  the  end  of  a  wire  charged  ne- 
gativel!/  the  form  of  a  star,  as  shown  in  Fig.  35. 
But  if  the  metallic  points  project  freely  into 
the  air  the  poative  and  negative  lights  differ 
very  little  in  appearance. 


metallic 


with  a 


al^y  discharge, 


d  to  produci 
then  the  brushes  obtained  when  tne  wire  la  cnnrgea 
negatively  are  very  poor  and  small  by  comjiariaon 
Kith  those  produced  when  the  charge  is  poailive. 

2.  If  a  large  metal  ball  connected  with  the  elec- 
trical machine  be  chafed  posidtw/ji,  and  a  tine  un- 
insulated point  be  gradually  brought  towards  it,  a 

■itar  appears  on  the  point  when  at  a  considerable  distance,  nliich,  though  It 
becomes  brighter,  does  not  change  its  form  of  star  until  It  is  close  up  to  the 
liall ;  whereas,  if  the  ball  be  charged  trfpalineli/,  the  point  at  a  considerable 
M.-rsBce  has  a  ifar  on  it,  as  before,  but  ii-Aen  brooght  within  about  iV";^ 
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a  brush  forms  on  it,  and  when  still  nearer  (at  ^  of  an  inch  diitance)  fti  I   ^ 
brush  ceases  and  bright  sparks  pass.  I    i 

The  successive  discharges  from  a  rounded  metallic  rod  0*3  of  a 
inch  in  diameter  projecting  into  the  air  are,  when  the  rod  is  chaiged 
negatively,  very  rapid  in  their  recurrence,  being  seven  or  eight  tioM 
more  numerous  in  the  same  period  than  those  produced  when  tin 
rod  is  charged  positively  to  an  equal  degree ;  but  each  brush  camH 
off  far  less  electric  force  in  the  former  case  than  in  the  latter 
Faraday  also  perceived  an  important  variation  in  the  relative  fimtt 
and  conditions  of  the  positive  and  negative  brush  by  TBiyiDg  Ik 
dielectric  in  which  they  were  produced.    Generally  speaking,  wlna 
two  similar  small  conducting  surfaces  equally  placed  in  air  un 
electrified,  one  positively  and  the  other  negatively,  that  which  Ib 
negative  can  discharge  to  the  air  o^  a  tension  a  Uttle  lower  thn 
that  required  for  the  positive  ball,  and  when  dischar^g^  does  tain 
place  much  more  passes  at  each  time  from  the  positive  than  from 
the  negative  surface. 


CHAPTER  IV. 
FRICTIONAL   ELECTRICITY   (continued). 

The  Ley  den  Phial  and  Battery — Laws  of  Accumulated  Electricity — Velodty 
of  Electricity — Physiological,  Chemical,  and  Magnetic  Efiects. 

(22)  Disooverj-  of  tbe  Bleotrlo  or  Xieyden  PlUal. — ^It  was 

in  the  years  1745  and  1746  that  those  celebrated  experiments 
which  for  many  years  drew  the  almost  exclusive  attention  of  men 
of  science  to  the  subject  of  electricity  were  made  by  BQeist, 
Musschenbroek,  and  Guneus. 

Musschenbroek  and  his  associates  having  observed  that  elec- 
trified bodies  exposed  to  the  atmosphere  speedily  lost  their  electric 
<  virtue,  conceived  the  idea  of  surrounding  them  with  an  iTiaiilfttiTig' 
substance,  by  which  they  thought  that  their  electric  power  might 
be  preserved  for  a  longer  time.  Water  contained  in  a  glass  bo^e 
was  accordingly  electrified,  but  no  remarkable  results  were  ob- 
tained till  one  of  the  party  who  was  holding  the  bottle  attempted 
to  disengage  the  wire  communicating  with  the  prime  conductor  of 
a  powerful  machine ;  the  consequence  was  that  he  received  a 
shock  which,  though  slight  compared  vnth  such  as  are  now  fre- 
quently taken  for  amusement,  his  fright  magnified  and  exaggerated 
in  a  ludicrous  manner. 

The  following  is  an  extract  from  a  letter  written  by  Von  Kleist 
(who  appears  to  have  been  the  real  discoverer  of  the  electric  phial) 


THfi  LETDBK  PHUL, 

lo  Or,  lieberkiihn  of  Berlin,  dated  Nov.  4, 1 745,  and  communiculud 
br  him  lo  the  Berlin  Academy ; — 

'  Whea  n  nail  or  a  pi«e  of  bTsn  wire  h  pal  into  a  amal)  npothcrary'* 
pMtl  and  el^Erified,  reinarkabiE  electa  follov ;  but  tbe  phiaL  inoAt  b«  v«rr 
drj  ind  warm  :  i  cominorily  mb  it  over  befarehand  wiCb  ft  fii^gcr,  oa  wbit^ 
imB  poanded  cbilk.  If  a  little  mrrcniy,  or  ■  fsw  drupe  of  tpirlu  of 
I'me,  bt  put  into  ii,  thB  experiment  sutiBeds  the  belter. 

HWD  as  this  phial  and  nail  are  removed  ftoni  the  electrifj-ing  glais.  or 
lit  prime  conductor  to  wbicb  it  hath  betoeipuBui  Is  taken  away,  it  throw* 
a  pencil  of  flame  »  long  tbal,  with  this  bmning  macblDe  in  my  band,  I 
e  taken  ftbout  sixt}'  itepa  in  walkiog  about  toy  tvom.  Wbtn  it  is 
dwtiified  stronglj  J  can  take  it  into  anotber  room,  and  i  hen  Bn  apirltg  of 
irioe  with  it.  If,  nbile  it  is  elecltifying,  I  pat  mj-  finger  or  a  [dece  of  gold 
nhich  I  bold  in  mjhand  to  thennil.  I  received  shock  which  ntuta  toy  ana* 
Dd  abonldcrs.^ 

Mn^schenbroek,  m  e,  letter  to  It^aumiu'  describing  tbe  efil-ct  pro- 
daced  on  himself  b;  taking  the  ehock  tram  a,  thinglasfj  bowl,  says, 
'1  felt  niTseif  Btruck  inmyarmfl,  shoiildera,  iind  breast.  I  loat  my 
breath,  and  it  was  two  days  before  I  recovered  from  tbe  effects  of 
the  Uov  and  the  terror.'  He  adds,  '  1  would  not  take  a  second 
iKock  for  the  kingdom  of  Fraace.'  Allamaud,  oil  receiving  the 
iliock,  declared  '  that  be  lost  the  use  of  his  breath  for  some  minutes, 
ind  then  felt  lo  intense  a  pain  aloDg  his  ripht  arm  that  he  ftiir^d 
permanent  injury  fiom  it.'  Winkler  etat*d  that  the  first  time  he 
underwent  the  experiment  'he  suffered  great  convulsions  through 
his  body ;  that  it  put  his  bkK>d  in  a^tation ;  that  he  feared  on 
ardent  fever,  and  was  obliged  to  have  recourse  to  cooling  medi- 
cines.' Such  waa  the  alarm  with  which  those  early  electricians 
were  stmck  bj  a  aenaation  which  thousanda  have  since  experienced 
m  a  much  more  powerful  manner  without  the  slightest  incon- 
Temence.  It  serves  to  show  how  cautious  ve  should  be  in  receiv- 
ing tiie  fiiit  account  of  extraordinary  diicOYeriafl  where  the  imap- 
aatioQ  la  likely  to  be  affected. 

(23)  Vrlnelplaa  of  Uw  Keytfen  VliIaZ — It  has  been  shown 
(13)  that  a  higher  charge  may  be  communicated  to  the  gold- 
leaf  electroscope  whilst  it  is  under  tbe  influence  of  an  uninsulated 
conductor.  To  illnBtrat«  this  properly,  we  have  only  lo  bring  tbe 
plate  a'  B*  (Fig.  19)  as  dose  as  possible  without  touching  to  the 
plate  A  B,  and  communicate  a  charge  to  the  lattor^  then  on  le- 
moving  A.'  l/  the  acciuuulaUon  which  has  been  effected  will  be 
indicated  by  an  expansion  of  the  gold  leaves  considerably  beyond  .. 
the  original  amount. 

When,  an  excited  glass  tube  is  brought  near  to  the  cap  of  the 
electroscope,  the  second  plate  (connected  with  tbe  earth)  being 
close  to  it,  thegM  learse  do  not  open  nearly  so  mucliBa  Ut^a 
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Hocond  plate  were  not  there,  because  induction  taking  place  throng 
the  intorvening  stratum  of  air  to  the  nearest  body,  tiz,  the  second 
or  indiicteous  plate,  the  electricity  of  the  same  kind  as  that  with 
which  the  cap  of  the  electroscope  is  charged  becomes  difiused  oyer 
the  earth  (13) ;   but    when    the    second  plate  is  remoyed,  the 
leaves  diverge  much  more  than  if  it  had  not  been  there,  because 
the  instrument  has  received  a  higher  charge.     Now  in  this  case 
the  intervening  air  has  received  a  higher  polar  tension,  arising  from 
the  close  proximity  of  the  charged  body  to  a  conductor  to  the 
earthy  the  thinner  the  intervening  stratum  of  air,  the  higher  the 
degree  of  polar  tension  that  may  be  attained,  and  the  rise  of  force  ia 
limited  by  the  mobility  of  the  particles  of  air  in  consequence  of  which 
the  electrical  equilibrium  is  restored  either  silently  or  by  a  sparL 
Now  if,  instead  of  a  plate  or  stratum  of  air,  we  employ  a  solid 
dielectric  J  such  as  glass  or  gutta-percha,  the  tension  which  may  be 
assumed  is  limited  only  by  the  cohesive  force  of  the  dielectric. 
Thus  if  we  place  a  plate  of  glass  or  a  sheet  of  gutta-percha  between 
two  circular  pieces  of  tin,  insulate  and  connect  one  plate  with  the 
prime  conductor  of  an  electrical  machine,  we  shall  have  an  arrange- 
ment precisely  similar  to  the  condenser  (Figs.  19  and  20),  except 
that  the  intervening  dielectric  is  glass  or  gutta-pepcha  instead  of 
air ;  on  connecting  the  other  plate  with  the  earth  to  destroy  *  its 
polar  state,  and  working  the  machine,  the  particles  of  glass  will 
become  powerfully  polarised ;  and  if  instead  of  connecting  one  of 
the  plates  with  the  earth  we  touch  it  from  time  to  time  with  the 
knuckle,  a  series  of  sparks  will  be  obtained;  after  a  time  these  will 
cease,  and  on  removing  the  wire  connecting  the  plate  -with  the 
prime  conductor,  and  insulating  the  arrangement,  that  plate  will  be 
found  to  be  charged  with  positive  electricity  and  the  other  plat© 
with   negative.      If  now  both  plates  be  connected  by  a  curved 
metallic  wire,  the  polar  tension  of  the  glass  or  gutta-percha  will  be 
relieved,  and  discharge  will  occur  attended  with  a  vivid  spark  and 
a  loud  snap. 

The  same  effects  will  be  produced  by  coating  both  sides  of  a 
plate  of  glass  with  tin  foil,  leaving  about  i  J  inch  all  round  un- 
covered, and  it  is  quite  clear  that  the  surfaces  of  dielectrics  and 
conductors  may  be  arranged  in  different  forms  without  impairing 
the  effects.  Glass  jars  or  bottles  are  found  more  convenient  in 
practice  than  squares  of  glass.  A  glass  jar  or  bottle  thus  coated 
with  tin  foil  is  called  a  Leyden  jar  in  honour  of  the  place  of  its 
discovery. 

The  quantity  of  electricity  which  may  be  accumulated  in  a  jf- 
depends  upon  the  extent  of  the  coated  surface.    The  intensity  cf' 
pends  on  the  thickness  of  the  glass.    But  in  practice  it  is  fouj 


f 


THB   LETDEN    FBtAtu 

impo^ble  to  dimiiiiBh  the  tbickn*^^  of  Ibe  glMc 
extent,  aa  th@  constTained  poeition  of  its  polaris 
to  rise  so  high  bb  to  destroy  its  cohesive  force,  and 
ila  way  through  the  glass. 

(24)   ConBtTDcUoo  of  ttie  beyden  PUaJ — 
Fig.  36  represHits  ■  Lerden  phial  oT  the  nsnal  cc 


hrefcki 


irilhUHidlt- 
cbaiging  tod  nirtiiahed.  nilh  n  glass  bandJti  in  (b«  pogicioD  la  wUoh  it  li 
plioed  in  tlie  net  of  disoharpng  a  Jai  by  (sLi- 
Uiihiiig  a  metallic  ommnmciitiaD  Iwtwvea  the  '''■  i'' 

oaier  »nd  inner  metallic  (wadogs.  Tbewlrewhich 
[)as«3  IhrDBsb  the  vimiphed  mahogany  ooTer  of 
the  jar  id  terminated  at  one  end  br  a  bnaa  iwll, 
and  at  the  other  by  aohaiaTe«chi-„-jtlmboll'jin 
o(  the  jar. 


By  the  construction  ih*wi 

nFig.37.lheiD- 

uenoeof  exteraol  cansea  in  di 

tiog  lbs  charge 

faLeydenjarmay,  toaain 

ible  sitenl,  Ik 

revenled.    The  jar  is  coale- 

..<ih  tin   foil,  a> 

usnal,  bat  a  ghiai  tube,  lined  lotemaUy  to  rather  more  than  half  ita  length 
from  the  battom  and  ■annonnted  with  a  glass  cap,  is  cnnented  firmly  into 
the  wooden  corer.  A  commuDlcatioa  is  catabliahed  between  the  brass  cap 
and  the  internal  coating  by  a  small  brass  wire,  passing  loosely  through  It 
and  terminating  in  a  small  knob.  The  wire  tonchea  the  Inside  of  the  glasa 
tube  The  jar  la  charged  in  the  usual  manner;  the  wire  may  then  be 
removed  by  invertmg  the  jar;  the  internal  roating  is  thus  cut  otf  from 
contact  with  the  external  air,  and  the  dissipation  of  the  charge  prevented. 
Jars  tbos  arranged  have  been  known  to  retain  their  charge  for  days,  and 
even  for  ireek*. 

Sir  W.  3.  Harris's  method  of  fitlitig  up  electric  jars  is  shown  in  Fig.  3B. 
The  motAhs  are  open,  and  the  charge  is  eonveyed  to  the  bottom  of  the  jar 
by  a  copper  tube,  o  h,  tbreB-dghihi  of  an  inch  in  diameter.  This  tube  ler- 
minatea  in  a  baU,  F,  efbrked  wood,  and  is  kept  in  iU  place  by  *  cOBvenicat 
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foot  firmly  oementcd  to  the  bottom  of  the  ju,  which  ia  preriooelj'  cortnd 

with  ■  circle  of  puted  paper,  leaving  a  centnl  po- 

P,    ^  tioQ  of  the  coating  free  for  the  perfect  contaet  if 

the  charging  rod  a  h,  which  pagaea  thiongfa  Ita 


centre  of  the  toot,  as  shonn  by  the  dotted  linei  io  the  figure.  When  tht  jin 
are  employed  aingly,  they  should  ba  placed  on  acooducting  base,  sappwtedb; 
short  columns  of  Tamiebed  glass,  so  that  if  necessary  they  may  be  Inaolatid. 

(2i)cii>TainrftnA91«oliarflnsU«otroinet«rs. — The  quan- 
tity of  electricity  accumulated  in  a  jar  or  battery  (Figs.  36  uid  43) 
may  be  roughly  esdmated  by  tlia  number  of  tuma  of  the  macbiue, 
or  more  correctly,  tj  the  unit  jar ;  its  intensity  may  be  detemused 
appro  ximBtively  by  the  amount  of  repulsion  between  any  two 
movable  bodiea  under  its  iafluenoe. 

The  instrument  shown  in  Fig.  3919  known  as  fleii/ej'i  Quailrant  Khcln- 
meter.  It  coneists  of  a  graduated  semicirde  of  iTory  a,  fiied  to  a  rod  ol 
nood  d.  From  the  centre  of  o  a  light  indes  of  diy  straw  deacends,  te^ 
uiinatiDg  in  a  pith-bill,  and  readily  movable  on  a  pin.  To  use  it.  It  ii 
removed  from  its  stand  uid  fixed  in  a  hole  on  Iha  top  of  the  ball  of  the  jar, 
the  charge  of  which  it  is  intended  to  indicate ;  as  the  charge  increaaea  Uh 
pith-ball  moves  ftom  its  centre  of  siupensioD  and  measures  the  intensity 
upon  the  greduated  semicircle. 

Fig.  40  represents  the  apparatus  contrived  by  Mr.  Lane  for  regulBting  tht 
exptoaioos  from  a  Leydea  phial :  a  is  the  prime  condnctor.  b  the  jar,  on  thi 
wire  communicating  with  the  interior  of  which  is  fixed  the  arm  of  a  bent 
varnished  glass  rod  c,  and  on  tbe  end  of  this  ia  cemented  the  brass  fanob  D ; 
through  this  ball  the  wire  /  d  alidea,  ao  that  d  may  be  brought  to  any 
required  distance  from  the  knob  of  the  jar  c  A  simple  inspectiou  itf  the 
figure  will  show  how  this  diacbargiDg  electrometer  acts,  and  how  by 
increasing  or  iesseoing  the  diitauce  between  d  and  e  the  str^igth  of  the 
charge  may  be  regulated. 
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Fig.  41  represeata  Cuthbtrtton't  Balanct  Eltctromtltr.  A  B  I>  B  woodeD 
Etand  >boDt  iB  inches  Imig  and  6  bund,  in  which  sra  fixed  two  glass  eop- 
portB  d  e,  mamil«d  vith  brass  balls ;  under  d  ia  a  briaa  hook.  The  ball  b 
iemtde  of  two  hemispherea,  the  under  oaa  being  fixed  to  the  brnBB  mouQtlnK. 
nnd  the  nppei  one  tamed  with  a  groove  to  ihat  npoa  it,  so  that  it  can  lie 
taken  off  at  pleasure ;  it  is  urewed  to  a  brass  tobe  about  four  inches  long, 
fitted  on  to  the  top  of  (;  J  A  is  a  straight  braes  wire,  with  a  knife-edged 
centre  in  the  middle,  placed  a  litde  belon  the  i;entTe  of  gravity,  and  equally 
balanced  with  a  hallow  brass  ball  at  each  end,  the  centre  or  axis  leating 


upon  a  proper-gnaped  piece  of  brass  flxed  In  the  inside  of  the  ball  b  i  that 
part  of  the  b«iilepbere  towards  A  is  cot  open  to  pennit  that  end  of  the 
balance  to  descend  till  it  tauchea  d,  and  the  upper  hemisphere  b  is  aiao  cut 
open  1  the  arm  g  ia  divided  into  sixty  divisions,  and  is  furnished  with  a 
slider,  to  be  set  at  the  number  of  divisionB  which  the  experiment  requires ; 
i  is  a  Henley's  electrometer  screwn  upon  the  top  of  b.  The  slider  is  placed 
loosely  on  the  arm  of  •!,  so  that  as  Boonas  jfi  Is  out  of  the  horizontal  position 
it  slides  forward  tnwaidB  b,  and  tlie  ascending  continues  with  an  accelerated 
motion  tiU  h  strikes  if. 

Suppoee  now  the  inatrumeut  to  be  applied  to  a  Jar  as  in  the  figure,  a 
metallic  communication  by  a  wire  or  chain  is  established  between  eand  the 
inside  of  the  jar  ;  *  is  screwed  upon  b,  with  its  index  pointing  towards  h ; 
the  increase  of  charge  in  the  jar  is  thus  shown :  suppoee  the  slider  to  be  set 
at  fifteen  divisions  or  grains,  it  will  cause  g  to  rest  upon  /  with  a  pressure 
equal  to  that  weight;  as  the  charge  increases  in  the  jar  tbe  balls /and  g  be- 
come mora  and  more  repnlsive  of  each  other  j  and  when  this  force  of  repulsion 
is  Bofflcient  to  raise  fifteen  grains,  the  ball  g  rises,  the  slider  moves  towards  b, 
and  the  ball  k  coming  into  contact  with  di*^''         ■  •■>«  jai  ■  and  as  the 
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force  of  repulsion  depends  upon  the  intensity  of  the  charge,  the  weight  it 
has  to  overcome  affords  a  measure  of  this  intensity  and  enables  the  experi- 
menter to  regulate  the  amount.  Suppose  the  slider  to  be  set  at  five  giaim, 
and  we  wish  to  double  the  accumulation  of  electricity  in  the  jar  or  batteij, 
the  slider  must  be  set  to  twenty  grains,  the  electrical  force  being  the  squart 
of  the  quantity  of  electricity  accumulated. 

Henley's  Universal  Discharger, — A  very  useful  apparatus  for  directing 
with  precision  the  charge  of  a  jar  or  battery  is  shown  in  Fig.  43.  It  consisti 
of  a  wooden  stand  with  a  socket  fixed  in  the  centre,  io  which  may  be  ooca- 
sioually  adapted  a  small  table,  having  a  piece  of  ivory  (which  is  a  msor 
conductor)  inlaid  on  its  surface.    The  table  may  be  raised  and  kept  to  a 

proper   height   by    means   of  a 
Fig.  42.  screw  s.    Two  glass  pillars,  p  p, 

are  cemented  into  the  wooden 
stand.  On  the  top  of  each  of  these 
pillars  is  fitted  a  brass  cap,  hav- 
'ing  a  ring,  r,  attached  to  it, 
containing  a  joint  moving  both 
vertically  and  horizontally,  and 
carrying  on  its  upper  part  a  spring 
tube,  admitting  a  brass  rod  to  slide 
through  it.  Each  of  these  rods  is 
terminated  at  one  end.  either  hy  a 
brass  ball  a  b  screwed  on  a  point, 
or  by  a  pair  of  brass  forceps^  and 
is  furnished  at  the  other  extremity  with  a  brass  ring  ^or  a  handle  of  solid 
glass.  The  body  through  which  the  charge  is  intended  to  be  sent  is 
placed  on  a  table,  and  the  sliding  rods,  which  are  movable  in  every 
direction,  are  then  by  means  of  the  handles  brought  into  contact  with  the 
opposite  sides  ;  and  one  of  the  brass  caps  being  connected  with  the  outside 
of  the  jar  or  battery,  the  other  may  be  brought  into  communication  with  the 
inner  coatings  by  means  of  a  common  discharging  rod  (Fig.  36).  For  some 
experiments  it  is  more  convenient  to  fix  the  substance  on  which  the  experi- 
ment is  to  be  made  in  a  mahogany  frame  f,  consisting  of  two  small  boards 
which  can  be  pressed  together  by  screws,  and  which  may  be  substituted  for 
the  table.  In  either  of  these  ways  the  charge  can  be  directed  through  any 
part  of  the  substance  with  the  greatest  accuracy. 

(26)  The  ibeyden  Battery. — Where  several  jars  are  electrically 
united  together  the  arrangement  is  called  an  Electrical  Battery, 
Fig.  43  represents  such  an  apparatus.  It  consists  of  fifteen  jars, 
the  inside  coatings  of  all  of  which  are  metallically  connected  by 
braas  rods,  and  the  bottom  of  the  box  in  which  they  stand  being 
lined  with  tin  foil,  secures  a  continuous  conducting  surface 
for  the  exterior  coatings.  The  battery  is  shown  with  a  Cuih- 
bertson's  Balance  Electrometer,  and  an  apparatus  for  deflagrating 
metallic  wires  attached.  It  is  charged  in  the  same  manner  as  a 
simple  jar,  by  connecting  the  metallic  rods  in  communication  with 
the  inside  coatings  with  the  prime  conductor,  as  shown  in  the 
figure,  the  metallic  lining  of  the  box  being  in  good  communication 
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either  with  the  negadre  conductor  or  ^th  b  good  discharging 
ti-ajn.  Harris  prefers  to  diapoee  the  jais  round  &  commoD  centre, 
that  centre  being  in  communication  with  the  prime  coadactor,  and 
the  other  jars  Wng  ia  connection  with  it  and  with  each  other. 


By  thus  multiplying  the  number  of  jars,  we  have  it  in  our  power 
to  accumulate  electricity^  to  an  extent  limited  ooly  by  the  charging 
power  employed.  A  prodigious  apparatus  was  coustructed  towards 
the  end  of  the  last  century  by  Cuibbertaon  for  the  Tylsrian  Society 
at  Haerlem.  It  coDsisted  of  loo  jars,  each  of  5^  square  feet,  so 
that  the  total  amount  of  coated  surface  was  5  ;o  square  feet.  This 
battery,  when  charged  with  a  very  powerful  machine,  produced  the 
most  astonishing  effects.  It  magnetised  large  steel  bars,  rent  in 
pieces  bloclis  of  boxwood  4  inches  square,  melted  into  red-hot 
globules  iron  wires  25  feet  long  and  i\gth  of  an  inch  in  diameter, 
and  dissipated  in  a  cloud  of  blue  smoke  tin  wires  3  inches  long 
and  Atb  of  an  inch  ii 
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The  management  of  large  electrical  batteries  requires  consider- 
able caution,  as  the  discharge  of  a  far  smaller  extent  of  coated 
surface  than  that  just  described  through  the  body  of  the  operator 
would  be  attended  with  disagreeable  consequences ;  by  employing 
the  ingenious  balance  elec^meter  of  Coulomb  all  danger  is 
avoided. 

(27)  Return  Cliarffe. — After  a  jar  or  battery  has  been  charged 
for  some  time  and  then  discharged,  it  is  found  that  it  will  spon- 
taneously recover  its  charge  to  a  certain  extent.  This  assumption 
for  a  time  of  a  charged  state  of  the  glass,  and  which  gives  rise  to 
the  phenomenon  cdUed  return  charge,  is  referred  by  Faraday  to 
the  actual  penetration  of  the  charge  to  some  distance  within  the 
glass.  Under  the  coercive  influence  of  the  forces  concerned,  a 
portion  of  the  positive  and  negative  forces  penetrates  and  takes  up 
a  position  within  the  dielectric,  and  being  thus  nearer  to  each 
other,  their  mutual  induction  will  be  greater  and  their  external 
induction  less  than  when  separated  by  the  whole  thickness  of  the 
dielectric.  On  the  discharge  of  the  jar  or  battery  taking  place, 
the  forces  by  which  the  electric  charge  was  driven  into  the  glass 
are  removed,  and  the  penetrated  electricity  slowly  returns  to  the 
exterior  coatings.  The  experimenter  should  be  on  his  guard 
against  the  effects  of  this  residual  charge  when  operating  with 
large  batteries.  Faraday  noticed  the  phenomenon  with  shell  lac ; 
he  observed  it  also  with  sulphur  and  spermaceti. 

(28)  Spontaneous  Bxplosion. — The  tendency  of  jars  to  spon- 
taneous explosion  when  very  clean  and  dry  may  be  diminished  by 
pasting  a  slip  of  writing-paper,  about  one  inch  broad,  on  the  inner 
surface  of  the  jar,  so  as  to  cover  the  uncoated  interval  to  the 
height  of  half  an  inch  above  the  upper  edge  of  the  inner  coating. 
The  action  consists,  according  to  Singer  (Elements  of  Electncity, 
p.  135),  in  a  gradual  diminution  of  the  intensity  of  the  charge  at 
that  part  from  which  it  has  the  greatest  tendency  to  explode,  by 
an  extension  of  the  charged  surface  through  the  medium  of  aii 
imperfect  conductor.  •  It  was  remarked  by  Outhbertson  in  1792 
that  jars  the  inside  of  which  were  a  little  damp  would  take  a 
higher  charge  than  they  could  do  when  quite  dry.  He  found — 
That  a  jar  containing  168  square  inches  of  coating,  made  very  dry  and 
arranged  with  his  balance  electrometer,  and  eight  inches  of  watch  pendulum 
wire  included  in  the  circuit,  discharged  spontaneously  without  affecting  the 
separation  of  the  balls  when  the  slider  was  set  at  thirty  degrees  ;  but  that 
when  the  inside  of  the  jar  was  moistened  by  breathing  into  it  no  spontaneous 
explosion  occurred,  but  the  discharge  took  place  through  tlie  electrometer 
fusing  the  wire  into  balls. 

(29)  Bxperlmental  Zllustratlons  of  the  Bffects  of  Ac- 
cumulated Blectrlclty. — ^The  phenomena  attending  the  charge 
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glass  are  illiiatraWd  in  It  »  foliot 


and  dischoi^  of  coated 
periments : — 

1.  Oppotite  etretricaJ  ttatuoftAe  ijtner  an 
ni<taUic  irire  b,  lermitiatiiie  in  a  knob  c.  be  i 
ju  a,  so  thut  E  and  the  ball  d  of  the  Jar  are 
in  the  same  line.  Let  a  amail  pith-ball  he 
Hvupended  b^  &  silk  thread  exactly  tnidirav 
betirffin  the  two  bulls.  The  jar  being  charged, 
tbe  pith-ball  will  be  immediulel}-  ittraeieil 
bj  d,  and  then  repelled  to  c  i  a)(Bm  Hltract«d 
tra-  c£,  uid  again  repelled  to  c  ;  and  lliia  vill 
CDstinue  for  n  conxiderable  time.  When  the 
motion  ha«  ceased,  let  the  dischargicfr  rod  be 
■veiled  1o  the  jar  in  the  manifer  »hown  in 
Fl^-36.  Nosparkoranap will  result, prtjv in lT 
thil  the  jnr  hsa  been  tilently  dischargB-l  by 
Sae  pith^ball ;  the  motion  of  which,  between 
dn^c,  showing  bIm  the  opposite  electrical 
vua  of  the  two  baUs,  and  consequently  of 
the  ootei  and  inner  coalings.  The  same  kind  of  experiment 
vilh  the  eltctrit  Mtt  (Fig.  45).  Plain  the  charged  jar  on 
(tnid,  and  make  a  eomiaunicatlon  between  iti  . 

',      mierior  and  the  inanlated  tnme  of  the  belli. 
I      The  two  exterior  bdia  maoBpende'l  bj  metal- 
I      lie  chainii,  bnt  the  eentral  bell  wilb    * 
rkppen  bang  from  gilken  threads,  tl 
IfJI  is  connected  with  the  earth  by 
Ihe  moment  the  outside  of  the  jet  ia  n 

I      molion :  (hen  by  touching  the  exterio 


L  Lichimbrrg't  F^rn.— Mnke  Ihe  re- 
on  caka  of  an  electrophoruB  (Fig.  la,  p.  13) 
and  warm,  draw  lines  on  it  with  Ihe  knob 
poffltjTcly  charged  jar.  and  r^ift  OTertbeu 


re  of  itilphir 


iiif,  e< 


i  by  the  icnob  of 

be  covered  with  the  gulphnr,  while  [he  red 
leul  will  be  diBpersed.  If  the  same  experiment  be  made  with  a  jar  char|:ecl 
with  the  lugatitie  conductor,  the  enlpbiir  will  be  dispersed,  and  the  red 
lead  will  be  collected.  The  reason  ia  this  ;  the  snlphur  and  ted  lead,  by 
the  liiction  to  which  they  have  been  subjected,  are  brought  into  opposite 
lectrical  slates  ;  the  sulphur  Is  tendered  negative  and  the  red  lead  positivp. 


'■»  that  w 


1  the  n 


to  fall  ol 


(itticr  electricity  in  a  free  state,  the  sulphnr  will  be  collected  on  the  positi 
and  the  red  leail  on  the  negative  portions  of  the  plate,  according  to  the  well- 
fcnuwn  laws  of  ittnction  and  repulsion. 

This  beantiflil  experiment  may  be  varied  by  tracing  vatlom  lines  on  a 
smooth  plate  of  gliaa  wish  tbe  knob  of  a  jar,  charged  first  poaitWelj  mi 
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then  negatively  :  on  gently  dusting  the  surface  with  a  mixture  of  snlptar 
and  red  lend,  a  series  of  red  and  yellow  outlines,  known  as  Lichtoibag'i 
figure*,  will  be  formed. 

3.  Free  charge. — Provide  a  jar,  the  exterior  coating  of  wliich  is  monUt 
Charge  this  jar  in  the  usual  manner,  and  then  place  it  on  an  insnlating  stasd; 
touch  the  knob  from  time  to  time  with  a  conducting  body,  the  wliole  "I'—p 
will  thus  ultimately  be  removed,  and  the  glass  will  be  brought  to  its  mtmri 
stutc.  Now  charge  the  jar  again,  remove  the  onter  coating,  and  i^lattft 
on  the  insulating  stand ;  in  this  state  it  will  retain  its  charge  for  an  iodS' 
finite  period.  The  reason  of  this  is,  that  the  wire  hj  which  the  chaigeii 
communicated  to  the  interior  coating  being  left  attached  to  it,  indnctka 
does  not  take  place  solely  through  the  glass  to  the  opposite  coating,  batii 
partly  directed  through  the  air  to  surrounding  conductors.  This  portion  it 
usually  called  *  free  charge,'  and  on  removing  this  by  touching  the  knob 
with  a  conducting  body,  a  corresponding  portion  of  fret  charge  of  the  oppositi 
kind  makes  its  appearance  on  the  outside  coating,  owing  to  the  indnctios, 
which  is  now  at  liberty  to  direct  itself  from  that  part  to  surrounding  olgedi. 
liut  when  the  exterior  coating  is  removed,  the  induction  is  determined 
entirely  through  the  glasSy  and  the  charge  on  one  side  is  sustained  br  so 
exactly  equal  quantity  of  the  contrary  electricity  on  the  other  ;  all  inte^ 
ference  with  the  surrounding  objects  is  thus  cut  off. 

4.  Jars  charged  by  cascade. — I^et  a  series  of  jars  be  arranged  on  insulating 
stands,  as  shown  in  Fig.  46,  taking  care  to  establish  a  good  electrical  con- 
Fig.  46. 


nection  between  the  outside  of  the  last  jar  and  the  earth';  for  every  spark 
that  passes  between  the  prime  conductor  and  the  ball  of  the  first  jar,  sparks 
will  pass  between  the  outside  of  that  jar  and  the  ball  of  the  second,  betweoi 
the  outside  of  the  second  and  the  ball  of  the  third,  and  so  on  :  after  a  time 
all  the  jars  will  be  charged,  and  each  may  be  discharged  singly,  or  the  whole 
may  be  so  connected  as  to  produce  one  discharge,  the  force  of  which  shall  be 
equal  to  the  sum  of  all  the  separate  ones.  For  this  purpose  the  jars  are 
placed  upright  on  one  common  conducting  basis,  and  their  inner  coatings 
metallically  connected  together,  the  whole  series  may  then  be  discharged 
precisely  as  a  single  jar. 

Mr.  Baggs  has  described  a  method  of  charging  and  placing  the  jars  by 
which  a  disruptive  spark  of  unusual  length  and  brilliancy  is  produced.  The 
jars  are  charged  separately  and  to  the  same  degree  of  intensity,  then  placed 
quickly  in  series  of  positive  and  negative  surfaces  very  near  to  each  other 
but  not  touching. 

The  method  of  charging  a  series  of  jars  *6y  ctucade*  was  invented  by 
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f  TUiklin,  to  illustraU  his  thaory,  that  when  ■  jar  is  chirked.  It  eonlidM 
i?«31t  no  more  electricity  than  il  did  before,  aiid  tbat  during  ilio  act  tt 
charging  the  same  qnantiiy  of '^rr'  was  thrown  out  of  one  side  of  theglMi 
u  was  thrown  on  the  other  aide  from  the  uoodoctur  or  the  machine. 

5    Ththtminimi  or  dianunul-ipoUal  jar. — Lcl  a  large  jar  be  coated  in  tkt 
mmiur  shown  in  Fig.  47.    Tda  tin  foil  ia  cut  in  pievea,  each  about  one  iaeh 
iqure,  and  perforated  with  a  hole  sbont  fbur< 
ttnUis  of  an  iooh  in  diameter.    These  pieces  n,,  4,, 

ue  pasted  on  both  sides  of  the  glass,  to  that 
'«  ^agoQalB  of  the  sqcaiee  ace  arranged 
Diiumtally  and  verticaLty,  their  points  bting 
wpntnted  about  ^  of  an  inch  outside,  aud  in 
Hit  inside  the  pojate  nearly  touching  one 
uwlher  at  the  centres  nf  the  drculur  bulcit  uf 
lit  outer  squares.  During  the  ebarsing  of 
tbejfli  the  apar^ta  are  seen  jurapiog  from  una 
iDEliUie  surface  to  the  other  ;  and  when  the 
ja  ia  discharged,  every  part  of  the  jar  within 
Ike  boundaries  of  the  metallic  spangles  lie- 
Mmw  momentarily  illuminated,  pr«Mnting  in 
a  darkened  room  a  brilliant  appearuice,  nnil 
fiimlsbingabeaatiful  illustration  of  the  tlieorf 
*t(  the  Leyibn  phiuL 

6.  TAe  charge  rmda  on  the  oppot'Ue  tida  nf 
(Ac  ^aa. —  To  demoDstratB  this  let  a  jar  be 
proTidGd  with  moTible  coatings,  the  wire 
coram unicnling  with  the  interior  coalinK  pass- 
glass  tube,  by  which  it  may 


v^d  from  the  jar 


uching  the 


metal;  or  let  it  be  curved  in  the  upper  part  90 
that  it  may  be  remorad  by  a  hooked  wire  al- 
Itchedto  a  glaas  handle.  Let  the  jir  be  charged  in  the  usual  niaDner,tben 
let  the  inside  coating  be  carefully  withdrawtt,  and  having  set  it  aside  let  the 
ju  be  inverted  upon  some  badly  condacting  body,  such  is  the  table  cloth,  and 
kt  the  exterior  coating  be  removed;  then  on  applying  the  discharging  rod  to 
the  two  coatings,  or  taking  them  in  tbe  hands,  no  spark  or  shock  will  be 
produced,  proving  them  to  be  free  from  electrical  charge.  Let  them  now  be 
replaced  in  the  jar,  and  complete  the  circuit  with  the  discharging  rod,  dis- 
cha>ge  accompanied  with  the  usual  phenomena  will  nanlt,  proving  that  tbe 
cbuige  of  the  phial  ia  dependent  on  the  dielectric  glass,  and  that  the  use 
of  the  coatingB  is  to  famish  a  ready  means  of  communication  between  the 
cbatged  particles. 

7.  Pvtttrfui  mechatiical,  heating,  and  iTiminotu  e^ecti.— (l)  Place  a  thick 
card  or  some  leaves  of  a  twok  against  the  outer  coating  of  a  charged  Leyden 
phial,  or  between  the  knobs  of  the  uniTerial  discharger,  pass  the  explosion, 
tbe  diachsTge  will  pass  through  the  paper  or  card,  perforating  it  and  pro- 
'^ocing  a  burr  or  protrusion  in  both  directions,  as  though  the  force  producing 
it  had  acted  fiom  the  centre  of  the  card  outwards  ;  or  imert  two  wires  into 
i  piece  of  wood  about  half  an  inch  long  and  a  quarter  of  an  inch  thick,  so 
tkst  the  ends  of  the  wires  within  the  wood  may  be  about  ^  of  an  inch  apart, 
pats  a  Btrong  charge  through  the  wires,  and  the  wood  will  split  with 
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Fig.  48. 


a 


violence ;  or,  hang  two  carved  wires,  provided  with  a  knob  at  eaeh  a^ki 
wine  glass  nearly  full  of  water,  as  shown  in  Fig.  48,  so  that  the  knobs  M 

be  about  half  an  inch  aaonder,  oomMcti ! 

with  the  outer  ooatin^^  cf  a  huge  Lejte  { 

phial,  and  6  with  the  inner  coating  bri 

of  the  discharging  rod,  when  theezpkMi  j 

takes  place  the  glass  will  be  brakes  irift 

violence  ;  or,  place  a  piede  of  stout  gM  I 

between  the  boards  of  the  pr^sB  of  ttt 

universal  discharger,  and  send  a  powcrfri 

charge  through  it,  the  glass  will  notd^ 

be  broken,  but  portions  of  it  even  redioii 

to  powder. 

(2)  Tie  some  tow  loosely  round  one  of  the  knobs  of  the  discharging  n^ 
and  dip  it  in  powdered  resin,  place  the  naked  knob  in  contact  with  the  oil- 
side  of  a  charged  phial,  and  bring  the  other  quickly  in  contact  with  the  bdl 
connected  with  the  inner  coating,  discharge  will  take  place  and  the 
will  burst  into  a  flame. 

(3)  Place  some  gunpowder  in  the  insulated  wooden  cap  a.  Fig.  4a  aal 

bring  immediately  over  it  the  brass  ball^, 
which  moves  on  a  ball  and  socket  joint  os 
the  top  of  a  glass  pillar,  connect  the  chiioi 
c  d  with  the  outer  and  inner  surfaces  of  • 
charged  Leyden  phial,  discharge  taka 
place  and  the  gunpowder  is  inflamed. 

Gunpowder  cannot  be  inflamed  by  t 
discharge  through  good  conductors,  in  eon- 
sequence  of  the  enormous  velocity  witk 
which  electricity  travels  (280,000  miles  in 
a  second,  according  to  the  experiments  of 
Wheatstone) ;  this  may  be  proved  by  plac- 
ing some  powder  on  the  ivory  slip  of  Uk 
universal  discharger.  Fig.  4a,  and  caosing 
an  explosion  from  a  charged  Leyden  phial 
to  pass  through  it ;  the  powder  will  be  scattered  in  all  directions  bat  m< 
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*  Suited.    If  now  some  gunpowder  be  placed  in  a  small  ivory  mortar,  as 

*  flihown  in  Fig.  50,  and  the  circuit  interrupted  by  ten  or  twelve  inches  of  water 
In  a  porcelain  basin,  it  will  be  fired  on  discharging  the  jar  through  it,  bc- 
oanse  of  the  retarding  influence  of  the  imperfectly  conducting  water. 

(4)  Arrange  five  or  six  eggs  in  a  straight  line,  and  in  contact  with  each 
other,  they  will  become  luminous  on  passing  a  small  charge  through  them. 
The  following  substances  are  rendered  phosphorescent  for  a  time  by  the  trans- 
miasion  of  the  electric  spark  through  them,  acquiring  various  colours  :  viz. 
chalk,  orange ;  rock-crystal,  first  red  then  white  ;  sulphate  of  barium,  bright 
green  ;  calcined  oyster  shells,  the  prismatic  colours ;  loaf  sugar,  green. 

8.  Dejlagratuni  of  metals. — Let  a  slip  of  tin  foil  or  of  gold  leaf  be  placed  be- 
tween two  pieces  of  paper,  allowing  the  ends  to  project,  and  let  the  whole  be 
firmly  pressed  together  between  the  boards  of  the  press  of  the  universal 
discharger,  transmit  the  shock  of  a  large  highly  charged  jg-r  through  it, 
the  metals  will  be  burnt ;  if  gold  leaf  be  employed,  the  paper  will  be  found 
to  be  stained  of  a  purplish  blue  colour. 

For  deflagrating  metallic  wires  the  battery,  is  required ;  the  arrangement 
is  shown  in  Fig.  43.  The  wires  are  stretched  above  sheets  of  white  paper, 
and  powerful  discharges  sent  through  them. .  The  results  are  exceedingly 
beautiful — the  wires  disappear  with  abrilliant  flash,  leaving  difl«rent-coloured 
impressions  on  the  paper,  e.g. — 

CJolour  produced. 
.  Purple  and  brown. 

.  Grey,  brown,  and  green. 

.  Grey  and  light  brown. 

.  Green,  yellow,  and  brown, 

.  Light  brown. 

.  Yellow  and  grey. 

.  Dark  brown. 

.  Brown  and  blue  grey. 

.  Purple  and  brown. 

9.  Equality  of  tJie  Electricity  on  the  inner  and  outer  surfaces. — Let  a  plate 
of  coated  glass,  s.  Fig.  51,  be  placed  vertically  on  a  stand,  and  let  two  pith- 
ball  electiroscopes,  /)  n,  be  attached  to  the  coatings.  Bring  the  coating  p  into 
contact  with  the  prime  conductor,  the  coating  n  being  in  good  conducting 
communication  with  the  ground.  As  the  charging  proceeds,  the  ball/?  will 
be  repelled  by  the  free  electricity  of  p,  while  the  ball  n  retains  its  originiS 
position.  On  allowing  the  apparatus  to  remain  undisturbed  for  some  time, 
the  free  electricity  of  p  will  be  gradually  dissipated,  and  the  ball/?  will  drop 
into  its  original  position.  Now  charge  the  plate  again,  and  immediately  cut 
off  the  communication  between  N  and  the  ground.  The  ball  p  will  slowly 
descend  towards  p  as  before,  but  at  the  same  time  n  will  begin  to  rise,  and 
by  the  timep  has  reached  the  position  a,  n  will  have  risen  to  6,  the  angle 
between  the  balls  being  about  the  same  as  at  first.  Both  balls  will  then 
sloTi  ly  sink  till  the  charge  is  lost  by  dissipation.  If  during  the  descent  of 
the  balls  we  touch  n,  the  ball  n  will  suddenly  sink,  and  p  will  as  suddenly 
rise  by  an  equal  amount  on  removing  the  finger  from  n  ;  p  will  fall  and  n  will 
rise  to  nearly  their  former  places,  and  the  slow  descent  of  both  will  recom- 
mence.   The  same  thing  will  happen  if  we  touch  p  ;  p  will  fall  down  close 

b2 


Diameter  of  wire.- 

Gold  wire 

•         •     ifco^ 

an  ihoh 

Silver . 

•     ieo 

») 

Platinum 

•       180 

»» 

Copper 

•     leo 

» 

Iron     . 

•     110 

»• 

Tin      . 

1 
•     iHO 

»»■ 

Zinc    . 

1 

•       180 

»» 

Lead    . 

1 

»^ 

Brass  . 

1 
•      ISO 

)) 

52 


FRICTIONAL   ELECTRICITY. 


Fig.  51. 


to  the  plate  and  n  will  rise,  and  so  on :  and  these  alternate  toachings  of  tiie 
coatings  may  be  repeated  a  great  many  times  before  the  plate  is  dischaigei 

In  order  to  understand  this  instructive  experiment,  it  must  le 

remembered  that  as  long^  as  ir  ift  in 
communication  with  the  gTOund  it 
cannot  retain  any  free  electricity, 
and  therefore,  tmder  these  circum- 
stances, the  ball  n  can  never  be  re- 
pelled; but  as  the  free  electricitj 
on  p  is  dissipated,  a  coireepondiog 
portion  of  tiie  opposite  electricity 
must  be  liberated  from  n  and  escape 
to  the  earth;  and  this  action  must 
go  on  till  the  entire  charge  is  lost 
But  when  both  -sur&ces  are  insulated^ 
or  the  free  electricity  of  p  is  di»- 
sipated,  a  corresponding  quantity  of 
the  opposite  electricity  is  liberated 
as  before  from  n;  but  as  it  cannot 
now  escape  to  the  eiCrth,  it  becomes 
free  electricity,  and  repels  the  elec- 
troscope n.  But  this  f^  electricity 
becomes  gradually  dissipated,  and 
thus  the  entire  charge  is  ei'ter  a  tims 
lost. 

The  same  general  principles  may 
be  illustrated  with  a  Leyden  jar 
thus :  let  the  jar  (the  outer  coating  of  which  is  a  little  higher 
than  the  inner)  be  charged,  and  its  ball  and  rod  be  immediately 
removed  by  a  silk  thread ;  now  apply  a  carrier  ball  to  either  the 
inside  or  the  outside  coating;  no  signs  of  electricity  will  be 
obtained,  the  two  forces  being  entirely  engaged  to  each  by  induc^ 
tion  through  the  glass.  Now  insulate  the  jar,  and  restore  the  ball 
and  rod.  Under  these  circumstances  induction  will  take  place 
through  the  air  towards  external  objects,  the  tension  of  the 
polarised  glass  will  fall,  and  the  parts  projecting  above  the  jar 
will  give  electrical  indications  and  charge  the  carrier ;  at  the  same 
time  the  otUside  coating  vdll  be  found  in  the  opposite  electrical 
state.  Again,  place  a  cylinder  of  wire  gauze  on  a  plate  of  shell  lac, 
and  over  it,  but  not  resting  on  the  lac,  another  similar  but  larger 
cylinder;  these  cylinders  correspond  with  the  coatings  of  a  Leyden 
jar,  the  glass  of  which  is  represented  by  the  intervening  dielectric 
air ;  let  a  small  charge  of  electricity  be  conveyed  from  the  prime 
conductor  of  an  electrical  machine  to  the  inner  cylinder,  by  means 
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of  a  biass  \M  suspended  by  a  silk  thread.  On- now  touching  the 
inner  coating  of  the  inner  cylinder  with  a  disc  of  gilt  paper  insulated 
by  a  stick  of  lac,  and  then  examining  its  condition  by  the  electro- 
scope, it  will  be  found  to  be  neutral ;  but  on  passing  the  proof 
plane  between  the  two  cylinders  and  touching  the  outer  coating  of 
the  inner  one,  it  brings  away  a  charge  of  positive  electricity.  In 
like  manner  on  touching  the  outer  side  of  the  outer  cylinder  no 
electricity  is  obtained,  but  from  the  inner  side  a  negative  charge  is 
transferred  to  the  disc,  which  is  rendered  sensible  by  bringing  the 
latter  into  contact  with  the  electroscope. 

la  Renstance  to  the  trarumission  of  Electricity  even  by  the  best  Conductors; 
Lateral  Induction. — Let  a  long  copper  wire,  having  at  the  end  m  a  metallic 
ball,  be  suspended  in  the  air ;  let  its  end  e  be  connected  witii  the  earth,  and 
let  the  part  near  m  and  e  be  brought  within  half  an 
inch  of  each  other  at  9 ;  now  let  a  Leyden  phial  be 
discharged  through  the  wire  by  connecting  its  out- 
side with  e  and  its  inside  with  m,  a  bright  spark  will 
appear  at «,  because  with  a  great  length  of  wire  the 
resistance  is  aecumulated  until  it  becomes  as  great, 
or  even  greater,  than  that  of  the  air  for  electricity  of 
such  high  intensity.  Let  a  variation  be  introduced 
into  the  experiment ;  and  the  interval  at  s  being  so 
adjusted  that  the  sparks  freely  pass  there  on  dis- 
charging the  jar  through  the  wire,  let  the  wires  n 
and  0  be  connected  with  the  inside  and  outside  coat- 
ings of  a  second  insulated  jar.  Under  these  circum- 
stances no  spark  will  appear  at  «,  because,  in  conse- 
quence of  the  lateral  induction  momentarily  allowed 
by  the  interposition  of  the  jar  between  the  side  wires, 
the  intensily  is  lowered,  and  the  quantity  of  elec- 
tricity, though  always  the  same,  is  not  sufficient  to 
strike  across  the  interval  at  s,  but  is  finally  occupied 
altogether  in  the  wire,  which,  in  a  little  longer  time 
than  before,  effects  the  whole  discharge. 

It  is  to  this  '  lateral  induction '  that  certain 
remarkable  phenomena  observed  some   years 
ago  by  Mr.  Latimer  Olark,  at  the  works  of  the  Electric  Telegraph 
Company,  are,  according  to  Faraday,  to  be  ascribed. 

When  contact  was  made  between  the  free  end  of  an  insulated 
intensity  voltaic  battery  and  one  end  of  100  miles  of  a  submerged 
telegraphic  cable  covered  with  gutta-percha,  the  outer  end  of  the 
battery  being  in  communication  with  the  earth,  it  was  found  that 
aher  the  contact  had  been  broken  for  two  or  three  minutes  a  smart 
shock  could  be  received  by  a  person  touching  the  wire ;  a  fuze 
could  be  fired,  and  the  galvanometer  powerfully  affected.  The 
submerged  wire  became  in  fact  an  immense  Leyden  battery,  and 
was  charged  statically  by  the  electricity  of  the  voltaic  battery,  and, 
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acting  by  induction  through  the  gutta-percha,  produted  the  opposite 
state  on  the  surface  of  the  water  touching  the  gutta-percha,  and 
forming  the  outer  coating.  The  intensity  of  the  static  charge 
acquired  is  only  equal  to  the  intensity  at  the  pole  of  the  battery, 
but  the  quantity,  because  of  the  immense  extent  of  the  coated 
surface,  is  enormous,  hence  the  -striking  character  of  the  results. 
The  reason  why  no  such  effects  are  obtained  in  a  wire  suspended 
in  the  air  is  simply  because  there  is  in  this  case  no  outer  coating 
corresponding  to  the  water,  and  as  therefore  there  is  no  induction, 
so  the  inner  wire  cannot  become  charged.  But  precisely  similar 
phenomena  are  exhibited  by  subterranean  wires  covered  with  gutta- 
percha and  enclosed  in  metallic  tubes. 

(30)  Free  Cbarire  and  dissimalated  Blectrloltj-. — ^The 
charge  upon  an. insulated  conductor  in  the  middle  of  a  room  is  in  the 
same  relation  to  the  walls  of  that  room  as  the  charge  upon  the  inner 
coating  of  a  Leyden  jar  is  to  the  outer  coating  of  the  same  jar : 
one  is  not  morefree  or  dissimulated  than  the  other  ;  and  when  we 
sometimes  make  electricity  appear  where  it  was  not  evident  before, 
as  upon  the  outside  of  a  charged  jar,  when  after  insulating  it  we 
touch  the  inner  coating,  it  is  only  because  we  divert  more  or  lees 
of  the  inductive  force  from  one  direction  into  another,  for  not  the 
slightest  change  is  in  such  circiunstances  impressed  upon  the 
character  or  action  of  the  force,  and  the  terms  ^free  charge '  and 
^dissimulated  electneity^  convey  erroneous  notions  if  they  are  meant 
to  imply  any  difference  as  to  the  mode  or  kind  of  action.  The 
difference  between  electrical  accumidation  on  coated  glass  and  that 
on  simple  conductors  .is  only  in  degree  of  effect ;  the  laws  incidental 
to  the  electrified  substance  remain  the  same. — (Faraday,') 

(31)  ibateral  Blscliargre. — If  a  charged  jar  be  placed  on  an 
insulating  stand  and  discharged  in  the  usual  manner  by  a  dis- 
charging rod,  at  the  moment  of  discharge  a  small  spark  will  pass 
between  the  outer  coating  and  a  body  in  communication  with  the 
earth.  When  a  jar  is  discharged  by  a  curved  wire  held  in  the 
hand,  without  an  insulating  handle,  a  slight  shock  is  frequently 
felt  in  the  hand  that  grasps  the  wire;  and  if  a  chain  be  laid  on  the 
table  with  one  end  touching  the  outside  of  a  charged  jar,  it  will 
become  illuminated  on  the  discharge  of  the  jar,  although  it  forms 
no  part  of  the  circuit. 

These  effects  are  due  to  what  is  termed  the  'lateral  discharge,' 
and  are  occasioned  by  a  small  excess  oi  free  electricity,  which 
distributes  itself  over  a  discharging  surface,  when  a  charged  system 
is  discharged  or  neutralised.  When  a  jar  is  charged,  the  accumu- 
lated electricity  is  never  exactly  balanced  between  the  opposed 
coatings,  so  that  there  will  always  be  an  excess  of  positive  or 
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negative  electricity  over  the  neutralising  quantities  themselTes 
disposed  on  the  coatings  of  the  jar. 

The  following  experiments  will  convey  a  good  deal  of  information 
respecting  the  nature  of  the  so-called  lateral  discharge  {Harris) : — 

z.  Let  the  jar  J,  Fig.  53,  be  charged  positivdy,  removed  from  the  machine, 
and  insulated ;  under  this  condition  discharge  it.  When  discharged,  let  the 
eLeotrical  state  of  the  knob  m,  discharging  conductor  e  c,  and  outer  coating  j 


be  examined ;  they  will  all  be  found  in  the  same  electrical  state,  which  state 
will  be  that  exhibited  by  the  outer  coating  and  knob  while  charging,  and 
the  small  residuary  charge  will  be  plus. 

3.  Let  the  jar  be  charged  as  before ;  but  before  discharging  it,  withdraw 
the  free  electricity  from  the  knob.  The  electrical  state  of  the  coating  and 
appendages  wiU  now  be  changed,  and  the  smaU  residuary  charge  will  be 
minus. 

3.  Immediately  afier  the  discharge  apply  a  metallic  body  to  the  coating 
J  ;  a  reaidaary  spark  will  be  thrown  off,  and  the  jar  will  be  found  again 
slightly  charged,  showing  the  spark  to  be  merely  a  residuary  accumulation. 

4.  Charge  a  jar,  exposing  about  two  square  feet  of  coating,  with  a  given 
quantity  of  electricity,  measured  by  the  unit  jar  u ;  let  a  conducting  rod, 
terminating  in  a  ball  r,  project  from  the  outer  coating,  and  place  near  it  the 
eleetroscope  b.  Disdiarge  the  jar  through  the  rod  e  c  as  before,  and  observe 
the  amount  of  divergence  of  the  electroscope.  Double  the  capacity  of  the 
jar,  and  again  accumulate  and  discharge  the  same  quantity.  The  divergence 
of  tiie  electroscope  will  be  very  considerably  decreased :  add  a  second  and  a 
third  jar  to  the  former,  and  the  effect  will  at  last  be  scarcely  perceptible  ; 
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connect  the  jar  with  the  ground,  and  with  a  given  quantity  the  spark  will 
vanish  altogether. 

5.  Accumulate  a  given  quantity  as  before,  and  observe  the  effect  of  the 
residuary  charge  on  the  electroscope.  Let  a  double,  treble,  &c.,  quantity  be 
accumulated  and  discharged  f^m  a  double,  treble,  &c,  extent  of  surface- 
that  is,  for  a  double  quantity  employ  two  similar  jars,  and  so  on — the  effect 
will  remain  the  same. 

These  two  last  experiments  prove  that  the  spark  is  of  different 
degrees  of  force  when  the  electricity  is  discharged  from  a  greater  or 
less  extent  of  surface^  whilst  double^  treble^  &c.,  quantities^  when 
discharged  from  double,  treble,  &c.,  surfaces,  give  the  same  spark. 
The  spark,  therefore,  is  not  caused  by  any  lateral  explosion  from 
the  discharging  rod,  but  depends  entirely  on  the  jar. 

Lateral  sparks  may  be  drawn  from  a  wire  in  good  communica- 
tion with  the  earth  wUlst  it  is  receiving  dense  sparks  from  an  electric 
machine  in  vigorous  action.  These  sparks  result  from  the  induc- 
tive action  of  the  electricity  accumulated  on  the  conductor  upon 
the  vicinal  conducting  substances,  which,  completing  the  terminal 
sur&ce  of  a  charged  system,  determines  the  charging  of  the  stratum 
of  air  between  them,  and  sparks  will  consequently  strike  off  from 
the  wire  to  these  free  conducting  bodies  as  long  as  sparks  continue 
to  pass  between  the  two  conductors.  If  the  wire  from  which  these 
lateral  explosions  proceed  be  connected  directly  with  the  ma- 
chine, the  phenomena  disappear,  because  the  accumulation  on 
the  conductor  is  prevented  from  reaching  any  great  intensity.  It 
is  necessary,  therefore,  to  employ  disruptive  discharges  between 
opposed  conductors,  and  the  larger  the  surface  of  the  charged  con- 
ductor the  greater  is  the  effect  produced. 

(32)  iMwn  of  Blectrlcal  Jkcoamnlatloii. — These  have  been 
minutely  studied  by  Harris  {Trans.  Plymouth  Institution  and  Trans, 
Royd  Society,  1834,  1836,  1839),  with  the  aid  of  two  valuable 
electrical  instruments  which  he  invented,  viz.  the  dectro-thermo- 
meter  and  the  unit  jar. 

Hie  Electro-Thermometer. — ^This  is  shown  in  Fig.  54.  It  consists  of  an  air 
thermometer,  through  the  bulb  of  which  there  is  stretched  air-tight  a  fine 
platinum  wire ;  the  bulb  is  screwed  also  air-tight  on  a  small  open  vessel 
containing  a  coloured  liquid,  and  soldered  to  the  extremity  of  a  long  bent 
glass  tube,  to  which  is  adapted  a  graduated  scale ;  the  fluid  is  adjusted  to  thp 
zero  of  the  scale  by  a  small  screw  valve  at  the  top  of  the  bulb.  When  an 
electrical  accumulation  is  discharged  through  the  platinum  wire  it  becomes 
heated  more  or  less,  expanding  the  air  and  forcing  the  coloured  fluid  up  the 
vertical  tube,  the  height  to  which  it  ascends  being  measured  on  the  scale. 

The  height  to  which  the  liquid  rises  is  as  the  square  of  the  quantity  of 
electricity  discharged. 

The  Unit  «/ar.— This  is  shown  in  Fig.  55.  It  consists  of  a  small  jar,  k, 
exposing  about  six  inches  of  a  coated  surface,  inverted  on  a  brass  rod  fixed 
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to  the  eondiict<ff  of  the  mwhliie,  orotherwiH  iiuUiiwd  on  a  Mpante  iosu'a- 
tlon  ;  and  the  jir  at  tutUr^  to  be  chug«d  li  coimeeted  with  its  outer  t-artaee 
\ty  mean*  of  •  biua  nd  uid  ball,  b.  In  this  iiruigeiiieut  eleetricitjr  1b  «|- 
tinually  lapplied  to  tlie  jar,  and  the  n 


it  of  iccnnmlktion  is  accurately 


ineaauTtd  by  He  niunber  of  chargw  which  the  unit  jar  has  received  ;  the 
chargea  baing  determinable  by  means  of  the  diMbarging  balls  »  n'.  By  in- 
creaaingordiminiihing  the  diitance  between  the  diMhni^ing  balla,  the  value 
of  thetinit  maybe  rendered  aa  great  or  aa  small  as  we  please.  Hence  if  the 
balla  be  aecaiely  fixed,  and  the  disUnce  between  theii  points  of  di!<c1iaTt,'e 
BCcanUelj  meaanred  by  means  of  a  micrometer  screw  aod  indwt  at  i.  com- 
parative quantities  may  be  always  eatimsted  and  restored  from  time  to  lime 
with  gieat  accuracy. 

1 .  Equal  quantities  of  electridty  are  given  off  at  nach  revolution 
of  tike  plat«  of  an  electrical  miichiiie  to  an  unchargid  eur&ce,  or  to 
s  (nrfiaee  chargid  to  anj  degiee  of  eaturation. 

2.  A  coated  Burfoce  receives  equal  quantitiea  of  electrici:;  in 
eqnal  times ;  aitd  the  number  of  revolutions  of  tbe  plate  is  a  fair 
measim  of  the  relative  quontitieB  of  electricity,  all  other  thin^ra 
reinaitiiiig  tbe  Bame. 

A  jai  containing  abont  five  square  feet  of  coated  lutfitce  was  chari^i  with 
four  turns  of  tbe  machkie,aiid  then  disobeyed  through  tbe  thermo-elcctn>- 
meter ;  the  finid  roae  nine  degrees.  The  jar  was  now  placed  on  an  insulalinf; 
•taod,and  it«eit*m(il  coating  connected  by  a  wire  with  the  internal  coatinj; 
of  a  second  and  precisely  similar  jar,  an  insulated  and  provided  with  a  Lane's 
dlicharging  electrometer  (Fig.  40),  the  tbermo^lectrometer  being  likcnifC 
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included  in  the  circnit.  After  four  turns  of  the  machine  the  second  jar  was 
discharged,  and  the  fluid  rose  as  before,  nine  degrees.  The  small  residuum  in 
the  second  jar  being  removed  (the  first  jar  retaining  its  charge),  the  machine 
was  again  put  in  motion,  and  after  four  turns  the  discharge  of  the  second 
jar  again  took  place,  and  the  fluid  again  rose  nine  degrees. 

When  the  second  jar  was  much  smaller  than  the  flrst,  the  explosion  took 
place  about  each  tarn  of  the  plate,  till  the  large  insulated  jar  was  fully 
charged  ;  and  as  in  both  cases  the  second  jar  was  charged  l¥om  the  outer 
coating  of  the  first,  its  explosions  may  be  taken  as  fair  measures  of  the 
relative  quantities  of  electricity  communicated  by  the  machine ;  and  as  these 
explosions  correspond  to  equal  numbers  of  revolutions,  it  follows  that  the 
accumulations  in  the  insulated  jar  must  have  proceeded  by  equal  increments, 
and  consequently  that  equal  quantities  of  electricity  were  thrown  on  at  6ach 
time. 

3.  The  free  action  of  an  electrical  accumulation  is  estimated  by 
the  interval  it  can  break  through,  and  is  directly  proportional  to 
the  quantity  of  electricity. 

Two  similar  jars,  each  containing  five  square  feet  of  surface,  being  con- 
nected together,  and  with  a  Lane's  discharging  electrometer,  the  balls  being 
set  at  ^  of  an  inch  apart,  the  discharge  took  place  at  the  ends  of  two  and  a 
Aa//*  turns  of  the  machine ;  the  interval  being  doubled,  the  charge  passed  at 
the  end  of  Jive  turns ;  the  interval  being  trebled,  at  seven  turns ;  when  the 
interval  between  the  balls  amounted  to  ^  of  an  inch,  it  required  ten  turns  of 
the  machine  to  produce  a  discharge. 

4.  The  free  action  is  inversely  proportional  to  the  surface. 

One  of  the  jars  in  the  previous  experiment  being  removed,  and  the  balls 
set  at  ^g  of  an  inch,  the  discharge  took  place  with^oe  turns  of  the  machine ; 
the  second  jar  being  returned  to  its  place,  and  the  balls  set  at  ^  of  an  inch, 
the  discharge  again  took  place  with  five  turns  ;  and  on  adding  two  more 
similar  jars  and  setting  the  balls  at  ^  of  an  inch,  or  one  quarter  the  firsu 
distance,  the  discharge  still  took  place  with^rc  turns. 

5.  When  the  electricity  and  the  surface  are  increased  in  the 
same  ratio,  the  discharging  interv-al  remains  the  same ;  but  if^  as 
the  electricity  is  increased,  the  surface  is  diminished,  the  discharg- 
ing interval  is  directly  as  the  square  of  the  quantity  of  electricity. 

The  balls  of  the  electrometer  being  set  at  ^  of  an  inch,  the  discharge 
of  a  single  jar  took  place  with  2^  turns ;  a  second  similar  jar  being  added, 
the  balls  remaining  as  before,  the  discharge  took  place  at  five  turns ;  a 
third  jar  being  added  with  seven  turns :  two  similar  jars  being  used,  the 
interval  remaining  the  same,  the  discharge  took  place  at  five  turns ;  but 
when  one  jar — ^that  is,  half  the  surface — was  removed,  and  the  balls  set  at  ^ 
of  an  inch,  the  discharge  occurred  at  ten  turns. 

If  we  represent  the  quantity  of  electricity  by  Q,  the  interval  by  I,  and 
the  surface  by  S,  we  get  the  following  equation : — 

I=|;Q=SI. 
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6.  The  resistance  of  air  to  discharge  is  as  the  square  of  the 
density  directly. 

The  balls  of  the  discharging  electrometer  being  set  at  a  certain  distance 
apart  in  the  receiver  ot  an  air  pump,  and  the  density  of  the  air  being  dimi- 
nished to  one-half,  discharge  occurs  with  one-half  oi  the  quantity  of  electricity 
accumulated — that  is,  with  one-fourth  of  the  intensity  of  free  action — and  the 
distance  through  which  a  given  accumulation  can  discharge  is  in  the  inverse 
simple  ratio  of  the  density  of  the  air :  in  air  of  one-half  the  density  the 
discharge  occurs  at  twice  the  distance. 

(33)  Barris*a  later  ZnTestlffationa.— Sir  Wm.  Snow  Harris 
has  (June  8,  1864)  communicated  to  the  Royal  Society  the  results 
of  some  further  inquiries  concerning  the  laws  and  operations  of 
electric€il  force.  The  quantity  of  electricity  which  any  plane  rect- 
angular surface  can  receive  under  a  given  intensity,  he  finds  to 
depend  not  only  on  the  surface,  hut  also  on  its  linear  boundary  ex- 
tension. Thus  the  linear  boundary  of  100  square  inches  of  surface 
under  a  rectangle  37*5  inches  long  by  2*66  inches  wide  is  about  80 
inches,  whilst  the  linear  boundary  of  the  same  100  square  inches  of 
surface  under  a  plate  10  inches  square  is  only  40  inches.  Hence 
the  charge  of  the  rectangle  is  much  greater  than  that  of  the  square, 
although  the  surfaces  are  nearly  equal. 

The  amount  of  electrical  charge  depends  upon  surface  and  linear 
extension  conjointly.  There  exists  in  every  plane  surfece  what 
may  he  termed  an  electrical  boundary  having  an  important  relation 
to  the  grouping  or  disposition  of  the  electrical  particles  in  regard 
to  each  Other  and  to  surrounding  matter.  This  boundary  in  circles 
or  globes  is  represented  by  their  circumferences.  In  plane  rect- 
angular surfaces  it  is  their  linear  extension  or  perimeter.  If  this 
hawndary  be  constant,  their  electrical  charge  varies  toith  the  square 
root  of  the  surface.  If  the  surface  be  constant,  the  charge  varies 
with  the  square  root  of  the  boundary.  If  the  surface  and  boundary 
both  vary,  the  charge  varies  with  the  square  root  of  the  surfaco 
mvltiplied  into  the  square  root  of  the  boundary. 

Thus  calling  C  the  charge,  S  the  surface,  B  the  boundary,  and  y,  some 
arbitrary  constant  depending  on  the  electrical  unit  of  charge,  we  have 

C=/*yS  .  B 

which  will  be  found,  with  some  exceptions,  a  general  law  of  electrical 
charge. 

It  follows  from  this  formula,  that  if  when  we  double  the  surface 
we  also  double  the  boundary,  the  charge  will  also  be  double.  In 
this  case  the  charge  may  be  said  to  vary  with  the  surface,  since  it 
varies  with  the  square  root  of  the  surface  multiplied  into  the  square 
root  of  the  boundary.  If,  therefore,  the  surface  and  boundary  both 
increase  together,  the  charge  will  vary  with  the  square  of  either 
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quantity.    The  quantity  of  electricity,  therefore,  which  the  surfaces 
can  sustain  under  these  conditions  will  be  as  the  surface. 

If  /  and  b  represent  respectively  the  length  and  breadth  of  a  phine 
rectangular  surface,  then  the  charge  of  such  a  surface  is  expressed  by 

ti^TTbjr+b) 
which  is  found  to  agree  perfectly  with  experiment. 

It  is  necessary,  however,  to  bear  in  mind  the  difierence  between 
electrical  charge  and  electrical  intensity.  By  the-  fonner  Harris  un- 
derstands the  quantity  which  can  be  sustained  upon  a  given  surface 
under  a  given  electrometer  indication ;  by  the  latter  the  '  electro- 
meter indication '  answering  to  a  given  quantity  upon  a  g^ven  sur- 
face. By  the  term  quantity/  of  dectndty,  He  understands  the  actual 
amount  of  the  unknown  agency  constituting  electrical  force  as  re- 
presented by  some  arbitrary  quantitative  electrical  measure. 

The  electrical  intensity  of  plane  rectangular  surfaces  Harris 
foimd  to  vary  in  an  inverse  ratio  of  the  boundary  multiplied  into 
the  surface.  If  the  surface  be  constant  the  intensity  is  inversely 
as  the  boundary.  If  the  boundary  be  constant  the  intensity  is  in- 
versely as  the  surface.  If  both  vary  alike  and  together,  the  inten- 
sity is  as  the  square  of  either  quantity,  so  that  if  when  the  surface 
be  doubled,  the  boundary  be  also  doubled,  the  intensity  will  be 
inversely  as  the  square  of  the  surface.  The  intensity  of  a  plane 
rectangular  surface  being  given,  we  may  always  deduce  therefrom 
its  electrical  charge  under  a  given  greater  intensity,  since  we  only 
require  to  determine  the  increased  quantity  requisite  to  bring  the 
electrometer  indications  up  to  the  given  required  intensity.  This 
is  readily  deduced,  the  intensity  being  by  a  well-established  law  of 
electrical  force  as  the  square  of  the  qibantity. 

These  laws  relating  to  charge,  surface,  intensity,  &c.,  apply 
more  especially  to  continuous  surfaces  taken  as  a  whole,  and  not  to 
surfaces  divided  into  separate  parts.  If  the  result  of  an  electrical 
accumulation  upon  a  plane  rectangular  surface  taken  as  a  whole  be 
examined,  and  the  results  of  the  same  accumulation  upon  the  same 
surface  divided  into  two  equal  and  similar  portions  distant  from 
each  other,  it  is  found  that  if  as  the  quantity  is  increased  the  sur- 
face and  boundary  be  likewise  increased  the  intensity  does  not 
change. 

If  three  or  more  separated  equal  spheres  be  charged  with  three  or  more 
equal  quantities  of  electricity,  and  be  each  placed  in  separate  connection  with 
the  electrometer,  the  intensity  of  the  whole  is  not  greater  than  the  intensity 
of  one  of  the  parts.  Similarly,  a  battery  of  five  equal  and  similar  jars 
charged  with  a  given  quantity  of  electricity  =  i,  has  the  same  intensity  as  a 
battery  of  ten  equal  and  similar  jars  with  a  quantity = 2,  so  that  the  intensity 
of  the  ten  jars  taken  together  is  no  greater  than  the  intensity  of  one  of  the 
jars  taken  singly. 


YBLOCITY   OF   ELECTRICITY.  6 1 

In  accumulating  a  double  quantity  upon  a  given  surface  divided 
into  two  equal  and  separate  parts^  the  bSundaiies  of  each  being  the 
same,  the  intensity  varies  inversely  as  the  square  of  the  surface, 
hence  two  separate  equal  parts  can  receive,  taken  together  under 
the  same  electrometer  incocation,  twice  the  quantity  which  either 
can  receive  alone,  in  which  case  the  charge  varies  with  the 
surface. 

Thus  if  a  given  quantity  of  electricity  be  disposed  upon  two  equal  and 
similar  jars  instead  of  upon  one  of  the  jars  only,  the  intensity  upon  the  two 
jars  will  be  only  one-fourth  the  intensity  of  one  of  them,  since  the  intensity 
in  this  case  varies  with  the  square  of  the  surface  inversely,  whilst  the 
quantity  upon  the  two  jars  under  the  same  electrometer  indication  will  be 
double  the  quantity  upon  one  of  them  only ;  in  which  case  the  charge  varies 
with  the  surface,  the  intensity  being  constant.  If,  therefore,  as  we  increase 
the  number  of  equal  and  similar  jars  we  increase  also  the  quantity,  the 
int^isity  remains  the  same,  and  the  charge  will  increase  with  the  number 
of  jars. 

Taking  a  given  surface,  therefore,  in  equal  and  divided  parts — as,  for 
example /bur  equal  and  similar  electrical  jars — the  intensity  is  found  to  vary 
with  the  square  of  the  quantity  directly  (the  number  of  jars  remaining  the 
same)  and  with  the  square  of  the  surface  inversely  (the  number  of  jars  being 
increased  or  diminished)  ;  hence  the  charge  will  vary  as  the  square  of  the 
quantity  divided  by  the  square  of  the  surfiice,  and  we  have,  calling  C  the 
charge,  Q  the  quantity,  and  S  the  surface, 

which  formula  fully  represents  the  phenomenon  of  constant  intensity 
attendant  upon  the  charging  of  equal  separated  surfaces  with  quantities 
increasing  as  the  surfaces,  as  in  the  case  of  charging  an  increasing  number 
of  equal  electrical  jars. 

(34)  Velooitj-  of  Blectrioit J-. — This  is  so  great  that  the  most 
rapid  motion  that  can  be  produced  by  art  appears  to  be  actual  rest 
when  compared  with  it.  A  wheel  revolving  with  a  rapidity  suf- 
ficient to  render  its  spokes  invisible,  when  illuminated  by  a  flash  of 
electricity  is  seen  for  an  instant  with  all  its  spokes  distinct,  as  if  it 
were  in  a  state  of  absolute  repose ;  because,  however  rapid  the  rota- 
tion may  be,  the  light  has  come  and  already  ceased  before  the 
wheel  has  had  time  to  turn  through  a  sensible  space.  Insects  on 
the  wing,  when  electrically  illuminated,  appear  fixed  in  the  air ; 
and  a  rapid  succession  of  drops  of  water,  appearing  to  the  unaided 
eye  a  continuous  stream,  is  seen  under  the  electric  light  to  be  what 
it  really  is. 

Let  a  circular  piece  of  pasteboard  be  divided  into  three  sections ;  let  one  be 
painted  fr/ue,  another  yellow,  and  a  third  red.  Cause  it  to  rotate  rapidly ;  it 
will  appear  white,  because  a  simbeam  consists  of  a  mixture  of  these  colours, 
and  the  rapidity  of  the  motion  causes  the  distinction  of  colours  to  be  lost  to 
the  eye  ;  but  the  instant  the  pasteboard  is  illuminated  by  the  electric  spark, 
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it  seems  to  stand  still,  and  each  colour  appears  as  distinct  as  if  the  disc  were 
at  rest. 

By  a  beautiful  application  of  this  principle,  Wheatstone  con- 
trived an  apparatus  by  which  he  demonstrated  tliat  the  light  of  the 
electric  discharge  does  not  last  the  one-milli&nth  part  of  a  second 
of  time.  His  plan  was  to  view  the  image  of  a  spark  reflected  from 
a  plane  mirror,  which,  by  means  of  a  train  of  wheels,  was  kept  in 
rapid  rotation  on  a  horizontal  axis.  The  number  of  revolutions 
performed  by  the  mirror  was  ascertained  to  be  8cx)  in  a  second, 
during  which  time  the  image  of  a  stationary  point  would  describe 
1 ,600  cii'cles,  because  from  the  laws  of  reflection  the  image  of  an 
object  in  a  revolving  mirror  has  tioice  the  angular  vdacity  of  the 
latter,  and  the  elongation  of  the  spark  through  half  a  degree  would 
indicate  that  it  exists  152^000^^  P^  ^^  ^  second.  A  jar  was  dis- 
charged through  a  copper  wire  half  a  mile  in  length,  interrupted 
both  in  the  middle  and  also  at  its  two  extremities,  so  as  to  give 
three  distinct  sparks.  The  deviation  of  half  a  degree  between  tlie 
two  extreme  sparks  would  indicate  a  velocity  of  576/xx>  miles  in  a 
second.  This  estimated  velocity  is  on  the  supposition  that  the 
electricity  passes  from  one  end  of  the  wire  to  the  other ;  if,  how- 
ever,  according  to  the  two-fluid  theory,  the  two  electricities  travel 
simultaneously  from  the  two  ends  of  the  wire,  the  two  external 
sparks  will  keep  their  relative  positions,  the  middle  one  alone  be&g 
deflected,  and  tiie  velocity  measured  will  be  only  one-half  that  in 
the  former  case,  viz.  288,000  miles  in  a  second. 

The  following  were  the  results  actually  obtained : — In  all  cases 
when  the  velocity  of  the  mirror  exceeded  a  certain  limit  the  three 
sparks  were  elongated  into  three  parallel  lines,  and  the  lengths 
became  greater  as  the  velocity  of  the  mirror  was  increased.  The 
greatest  elongation  observed  was  about  24°,  indicating  a  duration 
of  about  the  24,000th  part  of  a  second.  When  the  velocity  was 
low  the  terminating  points  appeared  to  be  exactly  in  the  same 
vertical  line,  but  when  the  velocity  was  considerable^  and  the 
mirror  revolved  towards  the  right,  the  lines  assumed  the  appear- 
ance    «  when  it  revolved  towards  the 

left  they  appeared ;  but   in  no  case 

were  they  seen  "  or  _^         as 

required  by  the  hypothesis  of  a  single  fluid. 

There  are,  however,  great  discrepancies  in  the  different  measure- 
ments which  have  been  recorded  of  the  velocity  of  electricity, 
thus : — 

Walker  (America)  with  telegraph  iron  wire  makes  it  18,780  miles  per  second. 
O'Mitchell  (America)  „  „  38,524 


»»  »» 
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Fiae«a  and  Gonadkb  oopperidn^  nakett  .    .    .   113,680  miles  per Moond 

n  n         innwin         „       ...     6a,6oo     „  ^ 

^  Aetromwne—  of  Gi'eeuwidi  md  BnMMhi  eopperi )     ^^^ 

London  and  Brmwde  Ie1ngie|>1i,  make  It         /  ^^^     **  " 

AatraBODMnof  Gieeuaid&andSdlBbiiiJI^  eopper,)  mg^^ 

London  and  Sdinburgli  telflsnmih,  make  it     f  7*°°°     **  " 

Bat  in  legaid  to  tbe  long  circiiitB  indnded  in  the  above  ezperi- 
ments,  tbe  condocting  power  of  the  iriiei  cannot  be  nndentood, 
irliile  no  xefbranoe  ia  made  to  their  JaUral  9taHe  mdueticn  (p.  68), 
Qor  to  the  omiditiaiiB  of  intenntj  and  ipiantitj  which  then  oome 
into  ^ley*  mp&cnSij  in  the  caae  of  abort  or  intermitting  carrenta, 
fixr  then  atatic  and  djnamie  are  cooatantly  paaaing  into  each 
others — (Jhmday.) 

The  rate  at  wldch  aignala  can  be  tranamitted  through  oTerhead 
wirea  is  -vexy  mnch  greater  than  npon  aabmarine  or  ondeiground 
Hnea,  becaoae  the  letardalion  ia  lata. 

Both  aerial  wirea  and  cahiee  ezey  howerer,  aabject  to  predaely 
the  aame  laws,  diflSairiiig  only  in  degree  aa  regarda  retardation,  and 
the  aame  genenl  &nnal«By  therefore,  apply  to  both.  Attempta 
baye  been  made,  at  diffaoEent  timea,  to  determine  the  tranrit  velocity 
(^ihe  eketiie  wave  in  line  wirea;  and  reaulta  have  been  arrived  at 
iddeh,  although  appearing  to  be  very  varioua  and  inconsistent  aa 
they  are  generally  stated,  are  nevertheless,  in  most  instances,  re- 
dacible  to  concordant  expressions.  Where  this  is  not  the  case,  the 
difficulty  lies  in  the  absence  of  any  information  to  gruide  us  to  a 
conclusion  as  to  the  conditions  of  induction  and  resistance  under 
I      which  the  experiments  were  made. 

In  No.  8  of  The  Tdegraphic  Journal  Mr.  Kobert  Sabine 
drew  attention  to  the  &ct  that  on  the  arrival  at  the  far  end  of 
a  line  of  an  electric  wave,  work  has  to  be  done  before  the  wave 
can  be  recogmsed,  and  that  the  issuing  wave  requires  time  to  gain 
strength  enough  to  perform  this  work.  There  are  different  ways 
in  which  this  work  has  to  be  performed,  according  to  the  different 
ways  in  which  the  wave  is  recognised.  In  Sir  0.  Wheatstone's 
celebrated  experiment,  in  1835,'  with  a  revolving  mirror,  he  found 
through  a  copper  wire,  0*2  inch  diameter,  suspended  in  the  vaults 
of  Eing^s  College,  that  a  spark  took  1155^000  second  to  pass  from  one 
end  to  the  middle  (|  mile  in  length),  which  represents  a  velocity  of 
288,000  miles  per  second.  In  this  case  mechanical  effect  was  per- 
formed by  the  arriving  wave  in  springing  over  ^th  inch  of  air  in 
the  form  of  a  spark.  The  work  it  had  to  do  was  to  collect  on  the 
other  side,  tlirough  \  mile  of  wire,  a  sufficient  induced  charge,  and 

*  AUietuBUM,  Janusjjr  j^  j8^  «  /%//,  Trans,  1835,  P»  5^V 
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when  it  had  done  this  to  push  back  the  interyeningair  and  to  jump 
across.  If  in  this  experiment,  from  the  given  data,  we  may  roughly 
estimate  the  resistance  by  the  |  mile  of  wire  to  have  been  0*4 
ohms,  and  its  electrostatic  capacity  at  0*0025  micro-&rad,  which 
is  at  the  rate  of  about  ^  that  of  an  average  submarine  cable,  that 
which  I  have  called  the  coefficient  of  retsurdation  would  be — 

a  — «  870000  X  lo"*  seconds, 

1 1 50000  X  0*4  X  00025 

that  is  to  say,  that  as  a  receiving  instrument,  a  spark  apparatus 
having  a  striking  distance  of  0*1  inch  would  be  ^^^~^,  or  about 

2,000  times  less  sensitive  than  a  Morse  electro-magnet ;  in  othor 
words,  that  the  time  required  for  the  arriving  wave  to  get  strength 
enough  to  do  its  work  would  be  2,000  times  as  long,  and  translois- 
sion  by  such  a  method  2,000  times  as  slow,  as  by  Morse. 

In  1848  Walker  used  a  Bain's  instrument  for  determining  the 
velocity  of  a  current  in  the  line  from  Boston  to  New  York,  a  wire 
length  of  220  miles,  and  found  that  the  signal  occupied  a  mean  of 
0-0029  seconds.  Assuming  the  line  resistance  to  have  been  (17 
ohms  per  mile)  3,740  ohms,  and  the  capacity  (o*oi  micro-farad  per 
mile)  2*2  micro-farads,  the  coefficient  of  retardation  would  have 
been — 

a —  «  291  X  10"^  seconds. 

3740  X  2*2 

But  Walker's  results  do  not  appear  to  have  been  very  regular ;  and 
considering  the  crudeness  of  the  method  of  measuring  this  was  not 
surprising. 

On  the  (1858)  Atlantic  Cable  the  coefficient  of  retardation 
appeared  to  be  414  x  10"*  seconds.  On  a  double  suspended  line 
wire  between  Cincinnati  and  Pittsburg,  Professor  Mitchell  *  found, 
in  1850,  employing  an  astronomical  clock  and  electro-magnet,  that 
on  607  miles  of  iron  wire  a  signal  took  002 1 28  second.  Assuming 
the  line  resistance  at  17  ohms  per  mile,  and  the  capacity  at  o-oi 
micro-farad  per  mile,  we  have,  R  =  6*07,  F  =  103 19,  and — 

002128  «.^        ,^     q  J 

a  = p —  =  340  X  10-9  seconds, 

10319  X  607 

which  very  nearly  agrees  with  the  coefficient  deduced  from  White- 
house's  experiment  on  the  Atlantic  Cable. 

So  does  also  a  long  series  of  experiments  made  by  Gk)uld,*  in 
1850,  on  1,045  miles  of  overhead  wire  with  Morse  apparatus.  He 
found  the  mean  time  occupied  to  be  0'o86  second.     If  the  line 

^  Po^y.  Ann.  Ixxx.,  p.  161.  ^  American  Journal,  2nd  series,  xL 
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Tesistanoe  wfts  17  x  1045  ^  ^7t7^S  ohmBj  and  the  capacity  0*01 

X  1045  a  iO'45  micTO-faradS;  the  coefficient  of  retardation   will 

liave  been — 

o'o86  Q  1 

a  = 7 =  377  X  io-»  seconde. 

17765x10-45 

In  the  same  year,  Fizeau  and  Gounelle  ^  invented  a  very 
beautiful  method  of  measuring  the  velocities  of  waves,  which  was 
intended  to  overcome  the  difficulty  of  inertia  by  the  instrument ; 
but  it  does  not  appear  to  be  free  from  this  drawback.  In  this 
system  a  rapid  succession  of  periodical  currents  ane  sent  into  cue 
end  of  the  cable  and  received  at  the  other  by  two  alternate  con- 
tacts working  synchronously  with  the  batteiy  contact,  and  which 
direct  the  electricity  in  opposite  diiections  tiiirough  the  wires  of  a 
galvanometer.  When  the  line  has  no  retardation,  half  of  each 
wave  neutralises  the  effect  of  the  other  half,'and  the  galvanometer 
needle  remains  undeflected;  but  .when  a  line  is  in  circuit,  the 
arriving  wave  being  held  back  will  be  divided  into  two  unequal 
parts^  and  the  galvanometer  having  more  current  on  one  side  than 
on  the  other  will  be  deflected.  By  regularly  increasing  the  speed, 
a  series  of  maxima  and  minima  deflections  are  observed ;  and  by 
noting  the  speed  at  two  following  maxima — that  is,  the  increased 
speed  which  is  required  to  put  one  wave  more  into  the  line — the 
time  of  a  wave  travelling  from  the  sending  end  to  the  galvanometer 
may  be  easily  reckoned.'  With  this  method  it  would,  at  first  sight, 
seem  that  inertia  must  be  eliminated;  that  this  is  not  so,  however, 
appears  from  Plzeau  and  Gounelle^s  results. 

With  this  apparatus  they  found,  for  example,  on  a  No.  8  B.  W.  G. 
iron  wire  between  Paris  and  Amiens — 195  miles  long — an  apparent 
velocity  of  62,600  nules  per  second ;  or  that  a  wave  took  00031 
second  to  pass  through.  If  this  wire  had  the  average  resistance 
and  capacity,  its  resistance  would  have  been  about  3,315  ohms,  and 
its  capacity  1*95  micro-farads;  therefore  the  coefficient  of  retarda- 
tion— 

a  «  — ?-— ?1 —  «  a8o  X  10-®  seconds. 
3315  ^  l'95 

And  in  a  second  experiment,  the  line  between  Paris  and  Kouen 
was  used;  179  nules  of  wire,  two-thirds  of  which  was  copper,  o'l 
inch  diameter,  the  resistance  of  which  was  probably  7  oluns  per 
mile,  and  one-third  of  a  No.  8  iron  wire.    The  total  line  resistance 


^  Comptes  RenduSf  vol.  xxx.,  p.  437. 
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was,  therefore,  about  1,853  ohms,  and  the  capacii^  i*79micro-fani 
The  velocity  found  was  1 12,680  miles  per  second,  the  wave  taking 
o'ooi6  second  to  pass.  From  this  the  coefficient,  of  retardation 
would  be — 

a  -  — =  482  X  10-"  seconds. 

1853  X  179 

In  their  account  of  this  experimenty  Messrs.  Ilzeau  and 
Gounelle  draw  particular  attention  to  the  greater  velocity  of  the 
current  through  copper  than  in  iron  wire.  The  student  will,  how- 
ever, see  that  for  unit  length  and  capacity  the  reduced  Telocity 
would  be  identically  the  same  in  both  lines,  the  same  apparatus 
being  used.  If  the  high  coefficient  found  from  these  experiments 
is  due  to  inertia  of  the  galvanometer  needle,  that  would  seem  to 
be  a  less  sensitive  receiving  instrument  than  an  electio-magnet 
relay ;  and  this  is  to  some  extent  borne  out  by  Prof.  Hughes^s  ex- 
periments. 

Fizeau  and  Gounelle*s  method  was  greatly  improved  on  hj 
Guillemin  and  Bournouf,'  in  1854.  They  employed  also  a  gal- 
vanometer, but  without  the  differential  method.  The  cable  ends 
were  connected  with  two  contact  tongues,  which  vibrated  syn- 
chronously between  contact  anvils.  At  one  end  between  a  +  and 
a  —  battery ;  at  the  other  end  between  earth  and  the  galvano- 
meter, which  was  also  connected  to  earth.' 

An  experiment  was  made  by  them  on  the  Foix  and  Toulouse 
lines,  two  wires,  each  of  41  leagues,  making  together  245  miles  of 
wire.  The  wave  took  ~qq  second.  And  assuming  the  constants 
of  resistance  and  capacity  to  be  the  same  as  before,  the  coefficient 
of  retardation  would  be — 

a =  89  X  10-^  seconds. 

iicx>x4i65  X  2*45 

There  is  evidently  a  marked  improvement,  but  still  a  result  only 
half  as  good  as  that  given  by  the  mirror  galvanometer. 

Now  these  are  the  results  which  are  generally  set  down  as  ex- 
ceedingly discordant,  but  between  which,  when  rightly  interpreted, 
we  find  a  very  remarkable  connection.  In  the  following  Table  I 
have  put  them  together  so  that  a  comparison  may  be  readily 
drawn  between  the  speeds  as  generally  stated  and  the  deduced  co- 
efficients, which  is  of  much  more  importance  for  the  student  to 
study : — 

1    Comptes  BenduSf  xxxix.,  p.  330. 

3  They  really  employed  rotatory  contacts  ;  but  this  is  the  form  given 
subsequently  to  the  apparatus. 
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Speed  in 

Coeificienit  ; 

System 

Obeerver 

Line 

Length 

miles  per 
second 

times  « 

Mirror  .... 

Gould     d-    . 

Cable 

1896  k. 

8,300 

47 

Galvanometer    . 

Guillemin  . 

Wire 

24s  m. 

1x1,700 

89 

Hughes's  .    .    . 

Clark.    .    . 

Cable 

462  k. 

2,870 

lOS 

Bain      .... 

Walker  .    . 

Wire 

220  m. 

i9»50o 

291    ■ 

Electro-magnet  . 

MitcheU      . 

Ditto 

607  m. 

28,524 

340 

Ditto.    .    .    . 

Gould     .    . 

Ditto 

1045  m. 

15.890 

377 

Ditto.    .    .    . 

Whitehouse 

Cable 

X020k. 

816 

414 

Galvanometer    . 

Fizeau    .    . 

Wire. 

195  m. 

62,600 

480 

Ditto.    .    .    . 

Ditto    .    . 

Ditto 

179  m. 
|m. 

112,680 

482 

Spark  o*i".    .    . 

Wheatstone 

Ditto 

288,000 

870,000 

At  this  date  it  is,  of  course,  impossible  to  return  to  these  ex- 
periments with  any  certainty  as  to  the  electrical  constants  of  the 
materials  employed.  I  have,  therefore,  assumed  general  average 
yalues ;  and  the  student  will  see  that  even  with  these  how  nearly 
tlie  results  accord  with  each  other.  Take  as  an  example  the  ex- 
periments made  with  electro-magnets  by  different  observers  on 
different  lines,  with  differ&nt  apparatus,  and  under  quite  different 
conditions. 

But  one  thing  is  certain,  viz.  that,  whatever  system  is  used,  the 
time  required  for  a  wave  to  get  strength  enough  to  overcome  the 
inertia  of  tbe  apparatus  is  very  great  in  proportion  to  the  time 
actually  occupied  between  the  making  of  contact  at  one  end  of  a 
wire,  cmd  the  first  instant  of  its  arrival  at  the  other  end. 

In  future  experiments,  with  improved  apparatus  and  a  better 
knowledge  of  how  to  interpret  his  results,  it  is  open  to  the  student 
to  add  valuable  information  to  this  branch  of  the  science  of  electri- 
city,— Sdbvne, 

(35)  Plij-sloloirloal  Bffeots. — The  sensation  experienced  when 
the  body  is  made  part  of  an  electrical  circuit  through  which  a 
Leyden  phial  is  discharged  is  too  imiversally  known  to  need 
description. 

A  small  charge  determined  down  the  spine  generally  causes  a 
person  to  fidl  to  the  ground  ;  the  discharge  of  a  powerful  battery 
m  the  same  direction  would  probably  prove  fatal. 

Animals  the  most  tenacious  of  life  are  destroyed  by  energetic 
shocks  passed  through  them.  Van  Marum  found  that  eels  are  in- 
stantly killed  when  moderate  shocks  are  sent  through  their  bodies. 
It  was  first  shown  by  Dr.  Watson,  soon  after  the  discovery  of  the 
Leyden  phial,  that  the  shock  may  be  transmitted  through  the 
Indies  of  several  men  touching  each  other.  For  this  purpose,  all 
laust  join  hands,  the  first  touching  the  outside  of  the  phial,  and 
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the  last  the  knob ;  those  in  the  centre  will  receive  a  less  Tiolent 
shock  than  those  near  the  two  extremities  of  the  chain,  a  phenome- 
non which  favours  the  hypothesis  of  two  fluids.  Dr.  Watson  in 
1 747  conveyed  the  electric  shock  across  the  Thames  at  Westmin- 
ster bridge,  and  a  few  days  after  he  caused  it  to  make  a  circuit  of 
two  miles  at  the  New  River  at  Stoke  Newington.  The  Abb^ 
NoUet  conmiunicated  a  shock  to  an  entire  regiment  of  1,300  men; 
and  at  the  convent  of  Carthusians  the  shock  from,  the  discharge 
of  a  large  Leyden  jar  was  felt  by  every  individual  in  a  circuit  which 
comprised  5,400  feet. 

The  bodies  of  animals  killed  by  a  powerful  shock  of  electricity 
are  found  to  undergo  rapid  putrefaction,  and  it  is  a  remarkable  &ct 
that  after  death  the  blood  does  not  coagulate. 

When  the  Leyden  phial  was  first  discovered,  it  was  imagined 
that  an  agent  of  abnost  unlimited  medical  power  was  raised,  and 
it  was  applied  indiscriminately  for  the  cure  of  the  most  opposite 
diseases.  The  failures  consequent  on  such  quackery  brought  elec- 
tricity into  disrepute,  and  for  a  long  time  its  use  was  almost  dis- 
carded. It  is  now  more  generally  employed,  and  has  been  found 
of  service  in  many  cases,  such  as  in  palsy,  contractions  of  the  limbs, 
rheumatism,  St.  Vitus's  dance,  some  kinds  of  deafiiess,  and  impaired 
vision. 

(36)  Cbemical  Effects. — When  a  succession  of  electric  dis- 
charges is  sent  through  water,  decomposition  of  that  fluid  takes 
place,  the  elements  assuming  the  gaseous  form.  Dr.  Wollaston, 
by  sealing  fine  gold  wires  into  glass  tubes,  and  then  grinding  them 
down  so  as  to  disclose  points  from  ^oo^^  ^  1^0*^  ^^  *^  i^ch  in 
diameter,  found  that  sparks  from  a  conductor  passing  through 
water  from  points  so  guarded  to  the  distance  of  from  |th  to  ^th  of 
an  inch  eff'ected  its  decomposition. 

By  passing  a  succession  of  shocks  through  a  small  quantity  of 
water  tinged  blue  by  litmus,  the  liquid  in  a  short  time  acquires  a 
red  tinge,  while  the  air  in  the  tube  sufiers  a  diminution.  This  ex- 
periment was  first  made  by  Priestley,  but  it  was  Cavendish  who 
demonstrated  that  the  reddening  of  the  litmus  was  occasioned  by 
the  formation  of  nitric  acid. 

By  the  following  instructive  experiments  it  was  shown  by 
Faraday  (Ex.  I^esearch.,  Series  v.,  pp.  1062  et  seq.)  that  to  effect 
chemical  decomposition  by  frictional  electricity,  two  metallic  poles 
are  not  required,  and  that  even  air  may  act  as  a  pole : — 

I.  A  piece  of  turmeric  paper  0*4  of  an  inch  long  and  0*3  of  an  inch  wide 
was  moistened  with  sulphate  of  soda,  and  placed  upon  the  edge  of  a  glass 
plate  opposite  to,  and  about  two  inches  from,  a  point  connected  with  a 
discharging  train.    A  piece  of  tin-foil,  resting  upon  the  same  glass  plate. 
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was  oonnected  with  the  machine  and  also  with  the  turmeric  paper  bj  the 
decomposing  wire  a,  Fig.  56.    The  machine  was  then  worked,  the  positive 

Fig.  56. 


\"A  %J}\ 


electricity  passing  into  the  tnnneric  paper  at  the  point  p,  and  oat  at  the 
extremit}''  n.  After  forty  or  fifty  turns  of  a  powerful  machine,  the  extremity 
n  was  examined,  and  tiie  two  points  or  angles  were  found  to  be  coloured 
brawn,  evincing  the  presence  of  free  alkali,  and  consequently  tlie  decompo- 
sition of  the  sulphate  of  soda. 

a.  A  similar  piece  of  litmus  paper  dipped  in  a  solution  of  sulphate  of  soda 
(Fig.  57)  was  now  supported  upon  the  end  of  the  discharging  train  a,  and 

Fig.  57- 


its  extremity  brought  opposite  to  a  point/?,  connected  with  the  conductor  of 
the  machine.  After  a  short  time  acid  was  developed  at  both  comers  towards 
the  point,  i.e.  at  both  comers  receiving  electricity  from  the  air.  Then  a  long 
piece  of  turmeric  paper,  large  at  one  end  and  pointed  at  the  other,  was 
moistoaed  in  the  saline  solution,  and  immediately  connected  with  the  con- 
ductor of  the  machine,  so  that  its  pointed  extremity  was  opposite  a  poiub 
upon  the  discharging  train.  When  the  machine  was  worked  alkali  was 
erolved  at  that  point ;  and  even  when  the  discharging  train  was  removed, 
and  the  electricity  left  to  be  diffused  and  carried  ofif  altogether  by  the  air, 
still  alkali  was  evolved  where  the  electricity  left  the  turmeric  paper. 

The  following  arrangement  was  employed  by  Faraday  forefFect- 
ing  polar  electro-chemical  decomposition  by  common  electricity : — 

On  a  glass  plate  raised  above  a  piece  of  white  paper,  two  small  slips  cf 
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tin-foil,  a  6,  were  placed  ;  one  was  connected  by  an  insulated  wire,  c,  with 
an  electrical  machine,  and  the  other  by  the  wire  g  with  the  negative  con- 
Fig.  58. 


dactor.  Two  pieces  of  platinum  wire  were  bent,  and  arranged  so  that  the 
points  p  n  became  the  decomposing  poles.  They  were  placed  on  a  piece  of 
filtering  paper,  wetted  with  the^  solution  to  be  experimented  upon.  When 
litmus  paper,  moistened  in  a  solution  of  common  salt  or  sulphate  of  soda, 
was  employed  it  was  quickly  reddened  &tp;af  similar  piece  moistened  in 
hydrochloric  acid  was  very  soon  blfeached  at  the  same  point,  but  no  eflf-cts 
of  a  similar  kind  took  place  at  n. 

A  piece  of  turmeric  paper  moistened  in  solution^  of  sulphate  of  soda  was 
reddened  at  n  by  two  or  three- turns  of  the  machine,  and  in  twenty  or  thirty 
turns  plenty  of  alkali  was  there  evolved.  On  turning  the  paper  round  so 
that  the  spot  came  under  p^  and  then  working  the  machine;  the  alkali  soon 
disappeared,  the  plate  became  yellow,  and  a  brown  alkaline  spot  appeared  in 
the  new  part  under  n.  When  pieces  of  litmus  and  turmeric  paper,  both 
wetted  with  solution  of  sulphate  of  soda,  were,  combined,  and  put  upon  the 
glass  so  that  p  was  on  the  litmus  and  n  on*  the  turmeric;  a  very  few  turns  of 
the  machine  sufficed  to  show  the  evolution  of  acid  at  the  former  and  of  alkali 
at  the  latter. 

In  these  experiments  the  direct  passage  of  sparks  must  be  care- 
fully avoided.  If  sparks  be  passed  over  moistened  litmus  paper  it 
is  reddened,  and  if  over  paper  moistened  with  solution  of  iodide  of 
potassium,  iodine  is  evolved.  But  these  effects  must  be  distin- 
guished from  those  due  to  electro-chemical  pov^^rs  op  true  electro- 
lytic action,  and  must  be  carefully  avoided  when  the  latter  are 
sought  for.  The  effect  just  mentioned  is  occasioned  by  the  forma- 
tion of  nitric  add  by  the  chemical  union  of  the  oxygen  and  nitrogen 
of  the  air.  The  acid  so  formed  is  in  a  high  state  of  concentration, 
and  therefore  reddens  the  litmus  paper,  and  decomposes  the  iodide. 

(37)  Magrnetlo  Sffeots. — The  magnetic  power  of  the  frictional 
electric  current,  though  far  inferior  to  that  of  the  voltaic  current,  is 
nevertheless  decisive. 

I.  Lay  an  un magnetised  steel  needle  transversely  on  a  strip  of  copper,  a 
thin  plate  of  glass  or  a  piece  of  gutta-percha  being  interposed  between  the 
two ;  pass  a  few  discharges  from  the  Leyden  phial  along  the  copper,  the 
needle  will  be  found  to  have  become  magnetic;  note  the  polarity  given  to 
the  point  of  the  needle,  then  make  a  similar  experiment  with  another  needle, 
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pladng  it  under  the  copper  plate  ;  the  polaritj  will  be  found  to  be  reversed. 
2a  the  first  experiment  the  end  of  the  needle,  which  lay  to  the  right  of  the 
electric  current,  will  be  a  north  pole ;  in  the  second  experiment  it  will  be  a 
south  pole. 

2.  Place  an  unmagnetised  needle  within  a  spiral  of  copper  wire  covered 
with  silk ;  a  few  sparks  from  the  prime  conductor  of  a  powerful  machine  will 
render  it  magnetic  ;  a  charge  from  a  Leyden  phial,  sent  through  the  coil, 
will  render  it  powerfully  so.  The  needle  being  magnetised  and  its  polarity 
noted,  let  it  be  replaced  in  the  spiral,  and  transmit  the  electric  current  so 
that  the  north  pole  of  the  needle  shall  lie  on  the  right  hand  of  the  direction 
in  which  the  current  moves ;  after  a  few  discharges  the  polarity  of  the  needle 
will  be  reversed. 

When  a  powerful  discharge  is  determined  through  the  wire  of  c 
galvanometer,  the  needle  ie  deflected,  but  the  eflect  is  very  feeble. 
A  more  satisfactory  result  is  obtained  when  the  end  of  the  galvano- 
meter wire  is  connected  with  the  discharging  rod  by  a  wet  string 
three  or  four  feet  long,  the  reason  being,  as  in  the  case  of  the 
ignition  of  gunpowder,  that  the  velocity  of  the  discharge  is  thereby 
lessened.  It  results  from  the  experiments  of  Faraday  (Ex.  Re- 
search,, Series  iii.,  pp.  361  e^  seq.)  that  the  deflecting  force  of  an 
electric  current  is  directly  proportional  to  the  absolute  qiLantity  of 
electricity  passed,  at  whatever  intfinsity  that  electricity  may  be. 

Ex.  Eight  Leyden  jars,  arranged  as  a  battery,  were  charged  by  thirty 
turns  of  a  powerful  machine,  and  discharged  through  the  wire  of  a  galvano- 
meter, a  thick  wAt  string  about  ten  inches  long  being  included  in  the  circuit. 
The  needle  was  deflected  five  and  a  half  divisions.  Seven  other  equal-sized 
jars  were  then  added,  and  the  yr)i6\&  fifteen  charged  as  before  b^'  thirty'  turns 
of  the  machine,  the  galvanometer  needle  passed  exactly  to  the  same  division 
as  in  the  former  instance.  The  battery  of  fifteen  jars  was  then  charged  by 
sixty  revolutions  of  the  machine,  and  discharged  as  before  through  the 
galvanometer ;  the  needle  was  now  deflected  to  the  eleventh  division,  an  arc 
exactly  double  the  former. 


CHAPTER  V. 

ATMOSPHERIC  ELECTRICITY. 

Atmospheric  Electricit}' — ^Annual  and  Diurnal  Changes — Observations  at 
Kew  and  Brussels — Instruments  for  Collecting  and  Examining  Atmo- 
spheric Electricity — ^Thunder  and  Lightning — Lightning  Conductors — 
Tornadoes — ^Waterspouts — ^The  Aurora  Borealis— Action  of  Atmospheric 
Electricity  on  the  Wires  of  the  Electric  Telegraph. 

(38)  Tbe  Atmospbere  the  great  Watoral  Heservolr  of 

aieotrl0tj'- — ^That  part  of  our  planet  in  which  the  electricity 
eYolyed  by  various  processes  accumulates  is  the  atmosphere  ;  here  it 
variee  both  in  condition  and  in  intensity.    When  the  air  iB  clear, 
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and  the  sky  serene,  it  is  generally  positive ;  in  damp  or  rainy 
weather,  it  is  occasionally  negative.  It  is  more  powerful  in  the 
higher  regions  than  in  the  lower ;  it  is  stronger  in  winter  than  in 
summer ;  and  when  the  air  is  still,  it  is  more  intense  than  during 
the  prevalence  of  wind. 

The  transitions  in  the  electrical  state  of  the  atmosphere  were 
frequently  ohserved  by  Humboldt  during  his  travels  in  the  equi- 
noctial regions  of  the  new  continents. 

^  1  saw  on  the  banks  of  the  River  Apure,' he  writes  (^Travds,  voL  iL, p. 
143),  *  what  I  had  often  observed  on  the  ridges  of  the  Alps  during  a  storm, 
that  the  electricity  of  the  atmosphere  was  first  positive,  then  ml,  then 
negative.    These  oscillations  from  positive  fio  negative  were  fireqnently 

repeated We  noticed  in  the  valleys  of  Aragua  tiie  increase  of 

atmospheric  electricity,  with  the  augmentation  of  vesicular  vi^uHirs ;  and 
the  electrometer  of  Yolta  constantly  displayed  at  sunset  positive  electricity. 
During  whole  hours  in  the  daytime  the  electricity  was  nif,  then  it  would 
become  very  strong,  and  soon  after  again  imperceptible.' 

(39)  Annual  and  Dlnmal  Cliangres. — The-  intensity  of  the 

free  electricity  of  the  atmosphere  increases  from  the  month  of  July 
to  the  month  of  November,  inclusive.  It  is  also  subject  to  diurnal 
variations,  there  being  two  maxima  and  two  minima  every  twenty- 
four  hours.  The  first  minimum  takes  place  a  little  before  the 
rising  of  the  sun ;  as  it  rises,  the  intensity  at  first  gradually  and 
then  rapidly  increases,  and  arrives  at  its  first  maximum  a  few 
hours  after.  This  excess  diminishes  at  first  rapidly  and  afterwards 
slowly,  and  arrives  at  its  minimum  some  hours  before  sunset.  It 
reascends  when  the  sun  approaches  the  horizon,  attains  its  second 
maximum  a  few  hours  after,  then  diminishes  till  simrise,  and  pro- 
ceeds in  the  order  already  indicated. 

fa)  Ohservationa  at  the  Kew  Observatory  (Ronalds). — A  series 
of  electrical  readings  was  taken  at  the  Kew  Observatory  during  a 
period  of  three  years  and  seven  months,  viz.  from  January  1844 
to  July  1848.     The  observations  recorded  amounted  to  10,500; 
10,176  of  which  were  positive,  and  324  negative.     The  greatest 
number  of  positive  observations,  viz.   1,047,   were  recorded  at 
8  A.M.,  and  the  least  number,  viz.   566,  at  6  a.m.  ;  the  hour  of 
minimum  tension  was  2  A.M.,  a  gradual  rise  taking  place  from  that 
hour  until  6  a.m.     Between  the  hours  of  6  and  8  a.m.  a  rapid  rise 
occurred,  the  tension  being  nearly  doubled  ;    it  then  increased 
gradually  until  10  a.m.,  when  a  maximum  was  passed,  after  which 
it  gradually  declined  until  4  p.m.,  the  epoch  of  diurnal  minimmn 
as  contradistinguished  from  the  nocturnal  minimum.     The  tension 
then  rapidly  increased  until  8  p.m.,  and  at  10  p.m.  passed  another 
maximum  rather  considerably  above  the  maximum  of  10  a.m. 
From  10  P.M.  to  midnight  the  diminution  of  tension  was  enormoua 
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I   Hn  midnig'lit  value  was  bat  Bligbtlj  above  the     iliic  al  s  i.H., 
I   dw  epoch  of  the  miDimuin. 

OT  the  10,176  positive  observations,  5,514  were  tnicen  in  tlw 
Doinier  months,  aud  4,662  in  the  winter  montlu.  GfMtur  uiii-* 
.irmitT  prevailed  during'  the  eiuomer  than  during  the  winter, 
tboug-h  there  was  a  considerable  diauDution  of  toision  between 
.u,  and  midnight ;  2  A.ii.  was  the  epoch  of  the  principal  mini- 
1,  the  lenMOn  gradually  naing  until  10  p.Jl.,  the  forenoon 
imum  :  tlie  succeeding  minimuni  occurred  at  noon,  gradually 
riang  till  6  F.u.,  and  -then  rapidly  till  10  p.if.,  the  principal  maxi- 
niain,  from  which  time  till  midnight  the  decline  was  veiy  cor- 
aiderablc.  In  the  winter  the  range  and  amount  of  lenrion  wa* 
iDDi^h  greater  than  in  the  summer ;  the  minimum  was  at  4  A.H., 
nmng-  gentij-  lo  6  A.K.,  and  rapidly  to  10  A.m.,  the  forenomi 
imimnm  ;  tben  graduallj  ^king  to  4  p.m.,  the  at^moon  mint- 
lum  ;  and  again  rapidly  rising  till  8  P.lf .,  the  epoch  of  the  evening 
i&iimum,  the  lall  jhim  which  to  midnight  being  enormoua. 

lo  both  winter  and  sunmier  a  double  progrtmon  was  most  dis- 
tinctly exhJldted-  The  points  of  maxima  and  minima  were  well 
miirked,  and  in  most  coaea  a  loletabie  fixity  of  epoch  was  presented. 
The  presence  of  fog,  occurring  mostly  on  those  occadons  when 
high  electrical  tensions  were  observed,  and  serene  weather  bein^ 
moetly  characleriaed  by  low  teneiona,  suggested  the  probability 
Ijiat  the  forenoon  and  evening  maxima  result  more  or  less  froiu  the 
pre^nce  of  aqueous  vapour,  either  in  an  invisible  or  iu  a  coo- 
deuaed  state. 

The  discussion  (by  Mr.  Birt)  of  the  whole  series  of  observaliona 
discloses  a  march  of  electrical  teasiou  during  the  twenty-four  hours 
consldtating  tbe  period  of  a  day.  The  march  presents  two  well- 
de&ned  maxima,  in  most  instances  removed  &om  each  other  by  an 
interval  of  "twelve  hours;  the  principal  occurring  at  to  p.u.,  and 
the  inferior  at  i  o  a.ii.  The  principal  TnlnlTniiTn  occurred  at  4  A..K. ; 
and  the  mibordinate  at  4  pjl  Speaking  generally,  in  the  diunuil 
period  the  periods  characterised  by  high  and  low  tendons  are 
tiiose  at  which  the  snn  is  above  and  below  the  horizon ;  but  in  the 
antuuil  period  the  reverse  appears  to  take  place,  the  highest  tension 
being  ^Jiibited  daring  that  portion  of  tbe  year  in  which  the  sun 
is  removed  from  the  northern  temperate  zone.  A  general  corre- 
spondence is  shown  as  to  the  months  exhibiting  the  greatest  d^ree 
of  hmnidity  and  the  greatest  electrical  tension.  The  tension  at 
sunset  was,  with  but  iew  exceptions,  higher  than  at  sunrise. 

The  majority  of  inetaneea  in  which  negative  electricity  was 
exhibited,  were  characterised  by  two  very  interesting  features ;  one 
was  the  &lling  of  heavy  run,  and  the  other  the  occurrence  of 
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cirro-strati  and  cirr<Mmmul%,  whicli  clouds  were  considered  aslit^ 
contributed  their  quota  to  the  development  of  the  electridtjr  ob- 
served. The  observations  were  too  few  to  deduce  a  diumal  periol 
for  negative  electricity,  but  they  pointed  out  a  connection  betwoB 
negative  reading  and  the  prevalence  of  clouds,  and  they  reveiW 
indications  of  considerable  disturbances  of  a  systematic  chaneter. 
(h)  Observatioru  at  the  Royal  Observatory  in  JBrus$el$  (Queiekt). 
— These  were  continued  from  the  beginning  of  August  1 844  till  the 
end  of  December  1848.     They  show : — 

1.  That  atmospheric  electricity)  considered  in  a  general  manner, 
attains  its  maximum  in  January,  and  progresfidvelj  decreases  till 
June,  which  month  presents  a  minimum  of  intensity ;  it  augments 
during  the  following  months  till  the  end  of  the  year. 

2.  That  the  maximum  and  minimum  of  the  year  have  for  tbeir 
respective  values  605  and  47 ;  so  that  the  electricity  in  Januair  ie 
thirteen  times  more  energetic  than  in  the  month  of  June. 

3.  That  the  difference  between  the  maximum  and  minimnm  is 
much  more  sensible  in  serene  than  in  cloudy  weather^  but  that  in 
the  months  of  June  and  July,  when  the  electricity  attains  its 
minimum,  the  reading  is  very  nearly  the  same  whatever  be  the 
state  of  the  skv. 

Quetelet  also  noticed  a  strong  electricity,  either  podtive  or  nega- 
tive, at  the  approach  or  cessation  of  rain.  During  the  whole  four 
years  included  in  his  register,  the  electricity  was  observed  to  be 
negative  only  twenty-three  times,  and  these  indications  either  pre- 
ceded or  followed  rain  and  storms. 

The  following  conclusions,  deduced  by  Quetelet  from  his  obser- 
vations made  to  ascertain  the  diumal  variations  of  atmospheric 
electricity,  are  in  close  accordance  with  those  of  Birt,  as  deduced 
from  the  Kew  observations : — 

1.  The  electricity  of  the  air,  estimated  always  at  the  same  height,  under- 
goes a  diurnal  variation,  which  generally  presents  two  maxima  and  two 
minima. 

2.  The  maxima  and  minima  vary  according  to  the  different  periods  of 
the  year. 

3.  The  first  maximum  occurs  in  summer,  before  8  a.m.,  and  towards  10A.M. 
in  winter.  The  second  maximum  is  observed  after  9  p.m.  in  the  evening  in 
summer,  and  towards  6  p.m.  in  winter.  The  interval  of  time  which  separates 
the  two  minima  is  therefore  more  than  thirteen  hours  at  the  epoch  of  the 
summer  solstice,  and  eight  hours  only  at  the  winter  solstice. 

4.  The  minimum  of  the  day  presents  itself  towards  3  o'clock  in  the 
summer,  and  towards  i  o'clock  in  winter. 

5.  The  instant  which  best  represents  the  mean  electric  state  of  the  day 
in  the  different  seasons  occurs  about  11  a.m. 

(40)  Observations  of  Becoaria  and  Tbomson. — Beccaria 

has  remarked  on  the  rare  occurrence  of  negative  atmospheric  indi- 


dmiDg  Mx  woitiiar:  daahig  a  poiod  of  flfteon  jmn  he 

moanlad  tiie  elaetiical  atete  of  the  atmotiilMre  n^gatiTe  only  i£r 

Imt  ThomMn  UDond,  on  iemal  days  of  fair  unbroken 

in  Afsil  tad  May,  negalive  alinotphalo  indieationB  d 

Aoit  perioday  and  on  eaeh  ocwaaon  there  was  a  eodden  change  in 

ihiwind—- genetalty  horn  KE.  to  NW.,  W^  orSW. 

Ibomaon  ezplain  the  serened  eleetric  indications  oheenred 
ikat  the  time  of  a  ehange  of  wind  in  the  foUowii^  manner : — 

Ihe  l0w«r  fldr  op  to  tooM  hfllglit  abofre  tike  eartli  mast  Sb  general  be  more 
«  km  elaotrifled  with  tbe  nme  Und  of  deetrieUy  m  tliat  oT  the  atfth't 
MdhM;  and  sliieathbneeliet a U|^d|giie  of  intenfitjr 00  ereiy  tree-top 
mdpofaited  Tegetalde  tibn,  h  mutt  ahrayi  oanae  more  or  km  of  the  ^eno- 
MBOB  which  beeomea  ooneplenoiu  as  the  light  of  Castor  and  PoOnx,  known 
tiifae  ancJenta,  or  the  lire  of  St.  Shiuv  deioribed  by  modem  sailon  in  the 
MeiUeiiaaeap,  and  wluoh  oonslsts  of  a  floir  of  ekctrieity,  of  the  kind  pos- 
mnd  by  the  eairtht  Into  the  ab.  Henee  in  fair  weather  the  lower  air  must 
be  ■sjiafi'iM,  alliioiii^  the  atmospheric  poitmiml  even  ok)se  to  the  eartb^s 
mfme  ki  stOI  genendlf  poaitlTe.  Bvt  if  a  considerable  area  of  this  lower 
itHtomia  carrtod  upwards  into  a  oolnmii  over  any  locality,  by  wind  blowing 
liwsvda  ftosa  dflltoent  dlreetionay  its  eflbcts  maj  for  a  time  predominate, 
nigtre  ziae  to  a  ntgatfm  potential  in  the  air,  and  a  positiTe  electrification 
of  tin  earth's  •Bifkeeb  IfthiseqihmatlQii  be  correct^  a  whirlwind  (snch  as 
ii  fAsn  expeslenoed  on  a  small  ssals  in  hot  weather)  mnst  diminish  and 
■sgr  lenrerse  Hhe  erdinaiy  posiftiTe  Indicatiom. 

(41)  Znstminents  lisr  Sxamining  tbe  Bleotrloal  Con- 
dition of  tbe  &ower  Atmospbere. 

I.  !7%«  Exptoring  Comdutior  at  Kew  Observatory. — ^Tbis  is  a  conical  tube  of 
thin  copper  raised  i6  feet  above  the  dome  of  the  building,  carrying  at  the 
top  a  small  lantern  or  collecting  lamp,  provided  with  a  little  cowl,  which  can 
be  raised  or  lowered  at  pleasure  by  means  of  a  silk  cord.  The  conductor 
is  firmly  screwed  into  a  strong  brass  tube  which  is  cemented  to  a  well- 
annealed  hollow  glass  pillar,  the  lower  end  of  which  is  trumpet-shaped  and 
ground  flat,  and  is  finnly  secured  to  a  pedestal.  The  glass  tube  is  kept 
constantly  warmed  by  a  small  oil  lamp,  the  closed  copper  chimney  of  which 
enters  but  does  not  actually  touch  it.  The  brass  tube  carries  at  its  lower  end 
three  or  four  arms,  at  right  angles  to  each  other,  with  which  the  electro- 
meters and  other  electrical  apparatus  are  connected.  The  conductor  at  the 
point  where  it  enters  the  dome  is  protected  from  the  weather  by  an  inverted 
copper  disk.  By  this  mode  d  arrangement  the  active  parts  of  all  the  elec- 
trometers and  he  conductor  itself  are  insulatel  by  one  common  and  efficient 
insulator.  A  safety  conductor  in  good  communication  with  the  earth  is 
attached  to  the  pedestaL 

3.  77b«  Exploring  Conductor  at  the  Greenwich  Observatory. — ^This  is  ar- 
ranged in  a  similar  manner :  b  (Fig.  59)  is  the  copper  tube,  on  which  the 
lantern,  containing  a  lamp  (a)  which  is  always  burning,  slides.  The  rod 
is  supported  on  a  cone  of  glass,  the  lower  part  of  which  is  hollowed  out  and 
lined  with  copper ;  immediately  under  which  is,  in  tbe  wooden  apparatus 
rf,  placed  a  lamp,  which  is  kept  constantly  burning,  for  the  purpose  ol" 
heatii^  tbe  copper,  and  thus  keeping  tbe  glass  dry.    The  glass  COUe  ia  'pio- 
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t«tH  from  rain  br  a  eoppei  ombTglla,  from  which  proceed!  the  aln  r, 
lominaDiaitlDg  with  the  dsctrical  initnimenli  in  the  anteiaom. 

3.  The  ffactrMHtar*.— The  otun- 
^''-  »■  viHom  >t  Kew  Mid  Qieaiwidi  m 

taken  with  s  Henle7*a  (Aectiomltr, 
by  whjcli  the  foroe  to  meuond  I? 
■  atnw,  teimiiiBtlng  In  a  piUi-Ul, 
which  together  coiwtitnts  a  peudolm 
that  ii  inanted  In  a  baU  working  if 
two  Una  iteel  pivote  ;  and  bj  YoH»'i 
electrometen,  (wo  in  niunbei.  So.  i 
is  H  conitructed  that  a  given  dcdric 
foioe  cauaes  a  piii  of  straws  of  Ioidwd 
weight  to  diverge.  Their  diTergenee 
it  meaaured  on  a  drcnlar  arc  of  tlia 
ume  ladins  aa  the  lengths  of  Iht 
strawi,  which  is  so  graduated  u  to 

tween  the  eitremiClea  of  Uie  atnin  in 
half  Fanaian  Unea,  each  of  the  diii- 
aioaa,  which  are  at  equal  distances 
from  each  other,  being  equal  to  half  i 
line.  It  is  dear  from  thig  construction, 
that  apon  measuring  the  distanix  be- 
tween the  straws  in  a  right  line,  '11" 
iiat  of  half  tht  angle  nbltndid  by  On 


to  tie  elect 


etnicted  that  each  diviaion  waaexactlj 
equal  to /rncofNo.i ;  andthecirmlu 
arc  is  grsduaCed  to  read  at  once  io 
tennsofNo.  I.  The  difference  in  the 
electrometen  cousibIs  in  the  atrawa  <it 
No.  3  being  iieavier  than  those  ofNo. 
I,  in  such  proportion  as  to  increue 
the  value  of  the  readings  in  the  ratio 
above  mentioned.  As  in  No.  i  the 
sine  of  half  the  angle  of  divergence  ia 
pnqnrtioiial  to  the  tension,  so  in  Mo.  a 
precisely  the  same  volne  of  the  ten- 
sion obUina— viz.  tha  sine  of  half  the 
angle  of  dlTei^ence,thehnearTalneof 
the  sine  itself  lieing  proportiooal  to 
its  value  in  No.  i  for  the  same  force : 
thus  a  force  tiiat  would  diverge  the 
straws  in  No.  r  to  an  angle  of  30° 
to  an  angle  of  6',  and  la  each  instrnmeat 
IB  of  15°  and  3°  respectively  would  represent  the  force.  One  degree 
f  Henley's  electrometer  is  nearly  equal  to  100°  of  Volta  No.  i ;  and  by 
onverting  the  readings  of  the  latter  in  to  measures  of  arc.  Vol  ta  No.  I,  Voha 


only  open  those  in  No.  a 
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^o.  2,  and  Henley's  may  all  be  expressed  in  degrees  of  the  circle,  the 
ajnes  of  which  are  readily  ascertainable. 

The  Volta  electrometers  are  placed  on  the  table  of  the  pedestal,  with 
their  caps  in  contact  with  the  conductor,  and  the  Henley's  electrometer 
is  screwed  into  a  ball  fixed  at  the  extremity  of  one  of  the  horizontal  armfl. 

4.  Tht  Gold-Leaf  Electro9C(y)e, — ^Tbe  wire  A  (Fig.  60),  terminating  in  a 
iwir  of  forests,  which  carry  the  paper  to  which  the  gold  leaves  are  sus- 
pended, passes  through  the  glass  stopper  b,  which  is  ground  into  a  long- 
necked  bottle  G,  with  a  metallic  base  d  ;  and  a  strip  of  brass,  e  e,  is  bent 
and  screwed  to  the  inside  of  d.    The  neck  c  is  well  covered  with  sealing 


Tig.  60. 


both  inMde  and  out.  To  preserve  the  insulating  power  of  the  iustni- 
ment,  it  is  surrounded  at  its  base  with  an  annular  tin  trough,  coated  with 
iwi»li"f:  wax,  and  containing  chloride  of  calcium,  the  whole  being  covered 
air-tight  with  a  receiver. 

5.  7%e  Distinffuisher  (Fig.  61). — ^This  is  a  very  thin  Ley  den  phial,  c.  a 
is  a  wire,  connected  with  a  brass  tube  which  forms  the  interior  coating  of 
this  jar ;  and  b  is  an  exterior  coating  of  the  same  kind ;  and  these  two 
coatings  are  at  about  three-fourths  of  an  inch  distant  from  each  extremity 
of  the  phiaL  The  intervals  d  c,  b  o  are  coated  with  sealing  wax  inside 
and  oat.  a  thus  prepared  is  fitted  to  a  bottle  with  a  metallic  base,  and  is 
provided  with  a  pair  of  gold  leaves  rather  too  short  to  reach  the  sides  of 
the  bottle,  the  neck  d  which,  both  inside  and  out,  is  covered  with  sealing 
wax.  The  distinguisher  is  charged  every  morning  negatively ^  and  never 
fftils  to  retain  a  good  charge  for  twenty-four  hours.  It  is  conveniently 
placed  on  a  bracket  a  few  feet  distant  from  the  conductor,  to  which  when 
used  it  is  approached  by  the  hand  to  some  distance  proportionate  to  the 
height  of  the  charge.  If  the  charge  be  positive,  the  leaves  of  course  collapse 
more  or  less,  but  open  again  when  the  instrument  is  withdrawn ;  if  the 
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ehuBe  be  oagatire,  the  diveigcnce  at  the  Imtm  inenun,  and  t 

can  be  peribimed  witboat  the  lent  danger  of  lowering  the  tt 

cooductiir,  or  injuring  the  gold  If 

Fig.  (a.  height  of  the  charge  be  what  it  n: 

^  6.  Sahattiba-t/eg^r  Etectnacop 

dectrie  eolaoiu  (the  constmctii 
will  be  dtecribed  hereafter),  o 
aboat  500  pairs,  each  abont  one- 
lach  ia  diameter,  and  occapyin, 
plalea  are  preeeed  togetlier,  ttam 
inches  and  a  half  in  length.  To 
this  pile  are  adapted  two  bent  1 
nating  in  two  gilded  platen  r  K,  v 
lute  the  poles  of  the  battery.     T 

wide,  are  parallel  and  opponits  to 
the  gold  leaf  n  being  ADapended  be 
Xon  if  the  leaf  hangs  exactly 
tween  the  terminal  platee  of  the 
will  be  equally  attracted  by  eac! 
therefore  remain  in  a  bI»1«  of  1 
tbe  most  minute  quantity  of  elec 
municati'd  to  the  cap  of  tl     '     ' 


eotrsl  conditioi 


7.  PeUier't  Electrometer. — In  this  inatrument  (shown  i 
tbe  directivH  foice  exerted  by  the  eartb  upon  a,  small 


subatitutad  foi  the  toraon  of  tbe  ^ 
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tiometer  (Fig.  6,  p.  6).  A  small  magnetised  needle  is  supported  upon 
a  long  brass  wire,  which  moves  freely  on  a  pin  like  a  compass  needle ; 
a  stout  metallic  rod,  terminated  above  by  a  ball,  passes  through  a 
glass  shade,  and  is  cemented  into  a  disc  of  ebonite,  which  forms 
the  base  of  the  instrument  This  rod  is  expanded  into  a  ring  wide 
enough  to  allow  free  motion  within  it  of  the  small  magnetic  needle. 
The  ring  carries  two  brass  arms.  To  use  the  instrument,  it  is 
placed  so  that  when  in  the  magnetic  meridian  the  brass  wire  on 
which  the  magnetic  needle  is  supported  just  touches  the  two  fixed 
armB  of  the  brass  ring.  On  communicating  a  charge  of  electricity 
to  the  ball^  it  spreads  over  the  insulated  wire  and  movable  needle, 
which  is  inunediately  deflected  by  the  fixed  arms  of  the  brass  ring, 
and  the  amount  of  angular  deviation  gtves  the  means  of  estimating 
the  force.  In  Messrs.  Elliot's  mode  of  constructing  the  electro- 
meter, the  needle  and  repelling  plates  are  insulated  by  a  composi- 
tion of  gum-damar  and  Venetian  turpentine.  They  retain  a 
nearly  constant  charge  for  some  time,  unaided  by  an  artificially- 
dried  atmosphere ;  at  the  end  of  twenty-four  hours  the  deliection 
due  to  the  charge  will  frequently  be  found  not  to  have  fallen  more 
than  one-half. 

(42)  Professor  'VllUam  Tbomson's  Blectrometers. — 
(I.)  The  Divided-jRinff  Electrometer, — The  following  is  the  principle 
of  the  construction  of  this  instrument : — 

A  glass  tube,  about  a  foot  long,  is  arranged  as  an  inverted 
Leyden  jar.  In  the  inside,  and  in  metallic  connection  with  the 
inner  coating,  is  suspended,  by  a  fine  platinum  wire,  an  aluminium 
needle  and  a  mirror.  The  former  swings  in  a  divided  box,  cou- 
sisting  of  a  hollow  cylinder  of  brass,  divided  parallel  to  its  axis. 
Both  parts  are  insulated  from  each  other,  and  from  the  other  part 
of  the  instrument.  The  mirror  connected  with  the  needle  is  placed 
in  such  a  manner  that  a  ray  of  light  thrown  on  it  is  reflected  upon 
a  cylinder. 

A  considerable  quantity  of  pumice-stone,  moistened  with  sul- 
phnric  acid,  keeps  the  inside  of  the  instrimient  perfectly  dry ;  and 
when  the  Ijeyden  jar  is  charged,  the  needle  is  thrown  into  a 
%lily  electrified  state,  and  consequently  is  much  luoro  seusitive 
to  electric  influence.  Now,  if  one  part  of  the  divided  box  is  con- 
nected with  the  earth,  and  the  other  with  a  large  insulated  vessel  of 
water,  constantly  discharging  a  fine  jet  into  the  air  (43),  the  electri- 
city of  the  atmosphere  is  communicated  to  it,  and  attracts  or 
wpels  the  suspended  needle,  as  the  case  may  be.  Outside  the 
instrument,  on  the  same  level  as  the  mirror  attached  to  the  needle, 
*  second  fixed  mirror  is  placed,  which  reflects  the  light  of  a  lamp 
ttpon  the  cylinder  above  mentioned,  which  is  covered  with  photo- 
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graphic  paper,  and  moved  by  clockwork,  and  can  l>e  made  to 
revolve  once  in  twelve,  eighteen,  or  twenty-four  houis^  bjinsertbg 
different  wheels. 

A  cylindrical  lens  converts  the  reflected  image  of  the  lamp  into 
two  spots  of  light,  which  are  superposed  when  the  needle  is  at 
rest.  The  reflection  of  the  flxed  mirror  photographs  on  the  cylinder, 
when  set  in  motion,  a  straight  line — the  zero  line.  The  minor 
connected  with  the  needle  records  on  the  cylinder  the  variadons 
of  electric  tension  in  the  atmosphere  in  a  manner  similar  to  flie 
self-recording  magnetometer.  Two  gauges,  in  the  shape  of  huBj 
enable  the  observer  to  determine  the  loss  of  charge  in  the  Leyden 
jar  within  twenty-four  hours.^ 

(II.)  The  Comfnon  House  Electrometer, — This  instrument  con- 
sists of — 

1.  A  thin  flint  glass  bell,  coated  outside  and  inside  like  a  Leyden  phial, 
with  the  exception  of  the  bottom  inside,  which  contains  a  little  snli^arie 
acid. 

2.  A  cylindrical  metallic  ease,  enclosing  the  glass  jar,  cemented  to  it 
round  its  mouth  outside,  extending  upwards  about  an  inch  and  a  half  above 
the  mouth,  and  downwards  to  a  metal  base  supporting  the  whole  instra- 
ment,  and  protecting  the  glass  against  the  danger  of  breakage. 

3.  A  cover  of  plate-glass  with  a  metal  rim,  closing  the  top  of  the  cylin- 
drical case  of  the  instrument. 

4.  A  torsion  head,  after  the  manner  of  Coulomb's  balance  (Fig.  6,  p.  6), 
supported  in  the  centre  of  the  glass  cover,  and  bearing  a  glass  fibre,  whidi 
hangs  down  through  an  aperture  in  its  centre. 

5.  A  light  aluminium  needle  attached  across  the  lower  end  of  the  fibre 
(which  is  somewhat  above  the  centre  of  the  glass  bell),  and  a  stifif  platinum 
wire  attached  to  it  at  right  angles,  and  banging  down  to  near  the  bottom  ot 
the  jar. 

6.  A  very  light  platinum  wire,  long  enough  to  hang  within  one-eighth 
of  an  inch  or  so  of  the  bottom  of  the  jar,  and  to  dip  in  the  sulphuric  acid. 

7.  A  metal  ring  attached  to  the  inner  coating  of  the  jar,  bearing  two 
plates  in  proper  positions  for  repelling  the  two  ends  of  the  aluminium  needle 
when  similarly  electrified,  and  proper  stops  to  limit  the  angular  motion  of 
the  needle  to  within  about  45°  from  these  plates. 

8.  A  cage  of  fine  brass  wire,  stretched  on  brass  framework,  supported 
from  the  main  case  above  by  two  glass  pillars,  and  partially  enclosing  the 
two  ends  of  the  needle  and  the  repelling  plates,  from  all  of  which  it  is  sepa- 
rated by  clear  spaces  of  nowhere  less  than  one-fourth  of  an  inch  of  air. 

9.  A  charging  electrode  attached  to  the  ring  (7),  and  projecting  over  the 
mouth  of  the  jar  to  the  outside  of  the  metal  case  (2)  through  a  wide  aperture, 
which  is  commonly  kept  closed  by  a  metal  cap,  leaving  at  least  one-quarter 
of  an  inch  of  air  round  the  projecting  end  of  the  electrode. 

10.  An  electrode  attached  to  the  cage  ^8),  and  projecting  over  the  mouth 

1  For  the  above  description  of  this  beautiful  instrument  we  are  indebted 
to  the  late  Mr.  Becker,  of  the  firm  of  Messrs.  Elliot  and  Co.,  the  makers  of 
the  instrument,  from  whom  further  particulars  respecting  it  may  be 
obtained. 
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of  the  jar  to  the  oatside  of  the  metal  case  (2)  through  the  centre  of  an  aper- 
t^taie  about  a  quarter  of  an  inch  in  diameter. 

This  inBtrument  is  adapted  to  measure  differences  of '  potential ' 
'between  two  condncting  systems — namely,  as  one^  tlie  fduminiimi 
xieedle  (5)^  the  repelling  plates  (7),  and  the  inner  coating  of  the 
jar ;  and  as  the  other,  the  insulated  glass  cage  (8).    This  latter  is 
commonly  connected  hy  means  of  its  projecting  electrode  (10) 
-with  the  conductor  to  he  tested.    The  two  conducting  systems,  if 
through  their  projecting  electrodes  connected  hy  a  metdlic  wire, 
may  he  electrified  to  any  degree  without  causing  the  slightest 
sensihle  motion  in  the  needle.    If,  on  the  other  hand,  the  two  elec- 
trodes of  these  two  systems  are  connected  with  two  conductors, 
electrified  to  different  potentials,  the  needle  moves  away  from  the 
repelling  plates ;  and  if  hy  turning  the  torsion  head  it  is  hrought 
hack  to  one  accurately-marked  position,  the  numher  of  degrees  of 
torsion  required  is  proportional  to  the  sqiiare  of  the  difference  of 
potentials  thus  tested. 

In  the  ordinary  use  of  the  instrument,  the  inner  coating  of  the 
Leyden  jar  is  charged  negatively  hy  an  external  application  of  elec- 
tricity through  its  projecting  electrode  (9).     The  degree  of  the 
charge  thus  communicated  is  determined  hy  putting  the  cage  in 
connection  with  the  earth  through  its  electrode  (10),  and  hringing 
the  needle  hy  torsion  to  its  marked  position.     The  square  root  of 
the  numher  of  degrees  of  torsion  required  to  effect  this  measures 
the  'potential' of  the  Leyden  charge.     This  result  is  called  the 
reduced  earthr^eadvng.    When  the  atmosphere  inside  the  jar  is 
kept  sufficiently  dry,  this  charge  is  retained  from  day  to  day  with 
little  loss — not  more  often  than  one  per  cent,  in  twenty-four  hours. 
In  using  this  instrument,  the  charging  electrode  (9)  of  the  jar  is 
left  untouched,  with  the  aperture  through  which  it  projects  closed 
over  it  hy  the  metal  cap  referred  to  ahove.    The  electrode  (10)  of 
the  cage,  when  an  ohservation  is  to  he  made,  is  connected  with 
the  conductor  to  he  tested,  and  the  needle  is  hrought  hy  torsion  to 
its  marked  portion.     The  square  root  of  the  numher  of  degrees  of 
torsion  now  required  measures  the  difference  of  potentials  hetween 
the  conductor  tested  and  the  interior  coating  of  the  Leyden  jar. 
The  excess,  positive  or  negative,  of  this  result  ahove  the  reduced 
earth-reading  measures  the  excess  of  the  'potential,'  positive  or 
negative,  of  the  conductor  tested  ahove  that  of  the  earth ;  or  simply 
the  potential  of  the  conductor  tested,  if  we  regard  that  of  the  earth 
as  zero. 

(43)  Tbomsen's  Simple  Apparatus  for  Observing:  Atmo- 
spberto  Bleotrlolty. — It  consists  of  an  insulated  can  of  water  to 
set  on  a  tahle  or  window-sill  inside,  and  discharge  hy  a  small  pipe 
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through  a  fine  nozzle  two  or  three  feet  from  the  wall.  With 
about  ten  inches  head  of  water,  and  a  discharge  so  alow  as  to  give  no 
trouble  in  replenishing  the  can  with  water,  the  atmospheric  efifoe^ 
is  collected  so  quickly  that  any  difference  of  potentials  ^  hetwen 
the  insulated  conductor  and  the  air,  at  the  place  where  the  streaa 
from  the  nozzle  breaks  into  drops,  is  done  away  with  at  the  rate  of 
five  per  cent,  per  half-second,  and  even  &ster.  Hence  a  veiy 
moderate  degree  of  insulation  is  sensibly  as  good  as  perfect,  as  ht 
as  observing  the  atmospheric  effect  is  concerned. 

By  drying  the  atmosphere  round  the  insulating  stems  by  meaiiB 
of  pumice-stone,  moistened  with  sulphuric  acid,  a  high  degree  of 
insulation  may  be  insured  in  all  weathers,  but  it  is  necessary  to 
keep  the  outer  part  of  the  apparatus  clear  of  spider-lines. 

An  apparatus  constructed  on  this  principle  was  Moployed  by  ThomsoQ 
in  some  examinations  of  atmospheric  electricity  at  Invercloy.  It  stood  on 
a  table  beside  a  window  on  th.e  second-floor,  which  was  kept  open  about  an 
inch  to  let  the  discharging  tube  project  out  without  coming  into  contact 
with  the  frame.  The  nozzle  was  only  about  2^  f^t  from  the  wall,  and 
nearly  on  a  level  with  the  window-sill.  The  divided-ring  ekctnmeler 
(42  I.)  stood  on  the  table  beside  it;  it  acted  remarkably  well,  bemg 
supplied  with  a  Leyden  phial,  consisting  of  a  common  thin  white  0aa 
shade  instead  of  a  German  glass  jar,  which  Thomson  found  not  to  hold  iti 
charge  well. 

The  index  required  13^°  to  14°  of  torsion  to  bring  it  to  zero,  when  urged 
aside  by  the  flectro-motive  force  of  10  cells  of  zinc  and  copper  chaiged  with 
water  only.  The  atmospheric  effect  ranged  from  30°  to  about  420^*  during 
the  four  days  of  the  experiment ;  that  is  to  say,  the  electro-motive  fbroe  per 
foot  of  air,  measured  horizontally  from  the  side  of  the  house,  was  from  9  to 
ia6  zinc  copper  water-cells.  The  weather  waa  almost  perfectly  settied, 
either  calm  or  with  slight  east  wind.  The  electrometer,  twice  within  half 
an  hour,  went  above  420°,  there  being  at  the  time  a  fresh  temporary  breeze 
from  the  east. 

What  Thomson  had  previously  observed  regarding  the  effect  on  an  east 
wind  was  amply  confirmed.  Invariably  the  e'ectrometer  showed  very  high 
positive  in  fine  weather  before  and  during  east  wind.  It  generally  rose  very 
much  shortly  before  a  slight  puff  of  wind  from  that  quarter,  and  continued 
high  till  the  wind  would  begin  to  abate.  The  electrometer  was  never  ob- 
served to  go  up  unusually  high  during  fair  weather  without  east  wind 
following  immediately. 

Cloudy  masses  of  air  at  no  great  distance  from  the  earth,  certainly  not 
more  than  a  mile  or  two,  influence  the  electrometer  largely  by  the  electricity 
they  carry. 

^  The  term  electric  pottutial  is  defined  by  Prof.  Wm.  lliomson  as 
follows : — *  The  potential,  at  any  point  in  the  neighbourhood  of  or  iwithin  an 
electrified  body,  is  the  quantity  of  work  that  would  be  required  to  bring  a 
unit  of  positive  electricity  from  an  infinite  distance  to  that  point,  if  the 
given  distribution  of  electricity  remained  unaltered.'  (Paper  read  befbre 
the  ISritiah  Association,  1852.) 
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(44)  Bzplorinff  HTlres. — ^The  late  Mr.  Crosse  and  the  late 
^ISx.  Weekes  examined  the  electrical  condition  of  the  lower  regions 
c^the  atmosphere^  the  former  at  Broomfield  in  Somersetshire,  and 
Uie  latter  at  the  town  of  Sandwich,  by  means  of  exploring  wires 
^Sunlated  on  appropriate  supports.  At  Broomfield,  the  wires  ex* 
bending  to  many  hundred  yards  were  attached  to  poles  fixed  on 
^!ee8;  at  Sandwich  the  wire  was  extended  between  the  vane- 
Bpindles  of  two  churches,  through  a  length  of  365  yards. 

Mr.  Grosse  gives  the  following  account  of  the  phenomena  ob- 
served on  the  approach  of  a  thunder^iloud  to  his  exploring 
"wire: — 

*  When  the  doad  draws  near,  the  pith-balls  suspended  from  the  conductor 
open  wide,  with  either  positiye  or  negative  electricity  ;  and  when  the  eilge 
of  the  dond  is  perpendicular  to  the  exploring  wire,  a  slow  succession  of 
diachaiges  takes  place  between  the  brass  ball  of  the  conductor  and  on&  of 
equal  dze  careftQly  connected  with  the  nearest  sx>ot  of  moist  ground.  I 
umally  connect  a  large  Jar  with  the  conductor,  which  increases  the  f»rce 
■nd  in  soine  degree  regulates  the  number  of  explosions ;  and  the  two  balls, 
between  which  the  discharges  pass,  can  be  easily  regulated  as  to  their  dis- 
tance from  each  other  by  a  screw.  After  a  certain  number  of  explosions, 
say  of  n^/a^ve  electricit)r,  which  at  first  may  be  nine  or  ten  a  minute,  a 
oeasaticm  occurs  of  some  seconds  or  minutes,  as  the  case  may  be,  when  about 
an  eqnal  number  of  explosions  of  poiitive  electricity  takes  place,  of  similar 
force  to  the  former,  indicating  thepcusage  of  two  oppositely  and  equally  eleeirified 
zmuM  qf  cloud.  Then  follows  a  second  zone  of  negative  electricity,  ocooftioning 
several  more  discharges  in  a  mioute  than  from  either  of  the  first  pair 
of  zones,  which  rate  of  increase  appears  to  vary  according  to  the  size  and 
power  of  the  doud.  Then  occurs  another  cessation,  followed  by  an  equally 
powerftd  series  of  discharges  o( positive  dectridty,  indicating  the  passage  of 
a  second  pair  of  zones ;  these  in  like  manner  are  followed  by  others,  fearfully 
increasing  in  the  rapidity  of  the  discharges,  when  a  regular  «<ream.commecce8, 
interrupted  only  by  the  change  into  the  opposite  electricities.  The  intensity 
of  each  new  pair  of  zones  is  greater  than  that  of  the  former,  as  may  be 
proved  by  removing  the  two  balls  to  a  greater  distance  from  eacli  other. 
When  the  centre  of  the  doud  is  vertical  to  the  wire,  the  greatest  effect  takes 
place,  daring  which  the  windows  rattle  in  their  frameSf  and  the  bursts  of 
thunder  without  and  the  noise  within,  every  now  and  then  accompanied 
with  a  crash  of  accumulated  fluid  in  the  wire,  striving  to  get  free  between 
the  balls,  produce  the  most  awful  effect,  which  is  not  a  little  increased  by 
the  pauses  occasioned  by  the  interchange  of  zones. 

'  As  the  doud  passes  onward,  the  opposite  portions  of  the  zones  which 
first  affected  the  wire  come  into  play  ;  and  the  effect  is  weakened  with  each 
successive  pair,  till  all  dies  away,  and  not  enough  dectricity  remains  in  the 
atmosphere  to  affect  a  gold-leaf  dectroscope.' 

(45)  Beotrloal  Vogr- — Of  the  electrical  phenomena  attending 
a  dense  November  fog  Mr.  Crosse  furnished  the  author  with  the 
following  graphic  description : — 
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'Many  years  ago  I  was  sitting  in  my  electrical  room  on  a  dark  November 
day,  during  a  very  dense  driving  fog  and  rain,  which  had  prevailed  ftr 
many  hours,'^  sweeping  over  the  earth,  and  impelled  by  a  south-west  wind. 
The  mercury  in  the  barometer  was  low,  and  the  thermometer  indicated  a  low 
temperature.  I  had  at  this  time  i,6oo  feet  of  wire  insulated,  which,  croeBiqf 
two  small  valleys,  brought  the  electric  fluid  into  my  room.  There  wera 
four  inralators,  and  each  of  them  were  stseaming  with  wet  from  the  eflbcti  of 
the  driving  fog.  From  about  8  a.h.  until  4  p.m.  not  the  least  appetnnoe 
of  electricity  was  visible  at  the  atmospheric  conductor,  even  by  the  mort 
careful  application  of  the  condenser  and  multipher ;  indeed,  so  effectual]^  did 
the  exploring  wire  conduct  away  the  electricity  which  was  communicated  to 
it,  that  when  it  was  connected,  by  means  of  a  copper  wire,  with  the  prime 
conductor  of  an  18-inch  cylindric  electrical  machine  in  high  action,  and  ft 
gold-leaf  electroscope  placed  in  contact  with  the  connecting  wire,  not  the 
slightest  efl^ect  was  produced  upon  the  gold  leaves.  Having  given  up  the 
trial  of  further  experiments,  I  took  a  book  and  occupied  myself  with  readings 
leaving  by  chance  the  receiving  ball  upwards  of  an  inch  distant  from  the 
ball  of  the  atmospheric  conductor.  About  4  p.m.  I  suddenly  heard  a  veiy 
strong  explosion  between  the  two  balls,  and  shortly  after  many  moie  took 
place,  until  they  became  one  uninterrupted  stream  of  explosions,  wUoh 
gradually  died  away,  and  then  recommenced  with  the  opposite  eleclrleily 
in  equal  violence.  The  stream  of  fire  was  too  vivid  to  look  at  for  any  length 
of  time,  and  the  eflect  was  most  splendid,  continuing  without  intermission, 
save  that  occasioned  by  the  interchange  of  electricitieB,  for  upwards  oi  Jht 
hours,  and  then  totally  ceased.' 

(46)  Mode  of  Bzamining  tlie  Bleotrloal  Oonditioii  of  tbm 
Biglier  SegloiiB  of  tbe  Atmospliere. — For  this  purpose  the 
Franklinian  kite  may  be  employed,  but  great  care  is  requisite  in 
conducting  the  experiments,  as  severe  shocks  may  be  received  from 
the  string,  even  under  a  clear  and  cloudless  slr^.  The  late  Mr. 
Sturgeon  had,  however,  the  boldness  to  send  up  a  kite  during  a 
thunderstorm,  and  he  has  given  the  following  description  of  tiie 
phenomena  he  observed : — 

^  The  wind  had  abated  to  such  a  degree,  and  the  rain  fell  so  heavily,  that 
it  was  with  some  difficulty  that  I  got  the  kite  afloat,  and  when  up  its 
greatest  altitude  did  not  exceed  fifty  yards.  The  silken  cord  also,  which 
had  been  intended  for  the  insulator,  soon  became  so  completely  wet  that  it 
was  no  insulator  at  all.  Notwithstanding  all  these  impediments  being  in  the 
way,  I  was  much  gratified  with  the  display  of  the  electric  matter  issuing 
from  the  end  of  the  string  to  a  wire,  one  end  of  which  was  laid  on  the 
ground  and  the  other  attnched  to  the  silk,  at  about  four  inches'  distance 
from  the  reel  of  the  kite-string  ;  an  uninterrupted  play  of  the  fluid  was  seen 
over  the  four  inches  of  wet  silken  cord,  not  in  sparks,  but  in  a  bundle  of 
quivering  purple  ramifications,  producing  a  noise  similar  to  that  of  a  watch- 
man's rattle.  Very  large  Hparks,  however,  were  frequently  seen  between  the 
lower  end  of  the  wire,  which  rested  on  the  grass  and  the  ground  ;  and  several 
parts  of  the  string  towards  the  kite,  where  the  wire  was  broken,  were  occa- 
sionally beautifully  illuminated.    The  noise  from  the  string  in  the  air  was 
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[oihe  lusstDg  of  ■nimineaMflockafgcue,  irith  nn  wcuiontl  ritiliu); 

raping  noise. 

The  reel  wu  occaaioBstly  envsloped  in  ft  bl»ie  of  porpio  urbgriitd 
dwlriol  fira,  whose  nimiberlcs?  bnnshea  [iimifi«l  otu  the  allkea  coni  and 
Uutiugh  Ibe  air  to  the  bUdex  of  ^rua,  whicb  aln  beeune  luBiiaoas  oa  their 
points  and  edges  over  a.  aurikce  of  -some  yards  in  circomfefence.     W«  also 

1  complete  globe  of  Gn  pass  orn-  Ibe  silken  cord  between  the  Win  Htd 
ibe  rerl  erf'  tbe  bile-ctring  ;  it  waa  ciFe«iline!v  brilliant,  and  (be  Duly  one 
hit  WE  notioed.' 

It  U  aometitnea  necessarv  to  penetrate  regions  of  the  atmi>- 
fheie  bevood  the  height  attainable  bj  a  aii^le  kite,  before  KgoB 
d  electricity  can  be  obtaiaed ;   tbia  may  be  done  by  letting  two, 

e,  or  more  kit«a  fly  Jroi .  tuc  stme  string.  The  first  Mte  is 
sent  up  OB  utjual,  and  when  has  reached  its  maximum  eleratian 
llie  end  of  ile  etring  is  put  tl  -oagh  a  slit  in  the  middle  stick  of  tbe 
fecond,  and  tied  to  ita  string      the  second  kite  is  then  raised ;   in 

manlier  a  third  may  be  .ed,  and  thus  great  beiglita  may  be 
reached.  The  highest  kite  la  almost  invariably  poaitivt  to  the 
oiher  two  i  the  centre  kite  pogilive  to  the  one  below  it,  and  the 
hweat  positive  to  the  ground 

(47)  TboBder  Bud  Zd  rhbiliv. — The  analogy  between  the 
electric  spark  and  lightnin„'  naa  noticed  at  an  early  period  of 
electrical  ewence.  In  1708  Dr.  Wall  pointed  out  a  resemblance 
between  then).  In  1735  Grej  cimjeclured  their  identity,  aild 
that  they  differed  only  in  degree ;  and  in  1 748  the  Abb*  Noliet 
reproduced  the  conjecture  of  Grey,  attended  with  more  eubetantial 
re&sona ;  but  it  waa  reserved  for  the  grant  American  philosopher 
Franklin,  in  June  1752,  U>  demonstrate  the  identity  by  tbe  bold 
experiment  of  bringing  down  lightiung  from  the  heavens  by  meana 
of  a  kite,  and  by  performing  with  it  Gxperimeuts  duiilar  to  those 
nsuaUy  made  with  ordinary  electricity. 

The  followiog  is  the  account  transmitted  to  ua  of  thia  grand 
eiperiment:  — 

'He  prepared  bis  kits  bynuJiiFig  a  email  crou  of  two  light  atrip*  of 
cedar,  the  armi  of  nlBcleDt  length  to  extend  to  the  four  eomen  of  a  laj'ge 
lilkhimdkeTebigf  Btntched  upon  them  to  the  axtremltiea  of  the  arms  of 
the  croea  he  tied  tbe  comen  of  the  haadkerchief.  Tbia  belns  properly 
BoppGed  with  a  tail,  loop,  and  string,  could  be  raised  in  the  air  like  a 
cummon  paper  kits ;  and  being  made  of  silk,  was  more  capable  of  beariog 
nln  and  wiad.  To  the  upright  aim  of  the  croea  was  attached  an  iron  point, 
tbe  lower  end  of  which  waa  in  contact  wit*  the  atring  by  which  tbe  kite 
was  raised,  wbich  wa»  a  hempui  cord.  At  the  lower  extremity  of  this 
(Old,  near  tbe  observer,  a  hey  was  fastened;  and  in  order  (o  intercept  the 
electricity  in  its  descent,  and  prevent  it  from  reaching  the  parBon  who  held 
tbekite,>n]k  ribbon  was  tied  to  tbe  nn^f  of  the  key,  and  CODtinaed  to  ttA 
htad  t^  wblOi  tie  kitt  ma  bild. 
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*  Furnif.hedwith  this  apparatus,  on  the  approach  of  a  storm  he  not:  liW'^' 


u]>nn  the  common  near  Philadelphia,  accompanied  by  his  ton,  to 
alone  he  communicated  his  intentions,  well  knowing  the  lididdeiUAl 
M'ould  have  attended  the  report  of  such  an  attempt  should  it  prove  tiki 
unsuccessful.    Having  raised  the  kite,  he  placed  himself  under  a  abed, Ml 
the  ribbon  by  which  it  was  held  might  be  kept  dry,  as  it  wonldbsooMi! 
conductor  of  electricity  when  wetted  by  rain,  and  so  fidl  to  aflod  ttA  I 
protection  for  which  it  was  provided.    A  doad,  apparently' durgedvtt' 
thunder,  soon  pas^iod  directly  over  the  kite.    Franklin  observed  the  hflOfa 
cord ;  but  no  bristling  of  its  fibres  was  apparent,  such  as  was  wont  to  tita 
))laec  A^iicn  it  wa8  electrified.    He  presented  his  knuckle  to  the  key,  batiik 
the  Hinallcst  spark  was  perceptible.    After  the  liq>se  of  some  time,  homi^ 
he  saw  that  the  fibres  of  the  cord  near  the  key  bristled  and  stood  onvi 
He  presented  his  knuckle  to  the  key,  and  received  a  strong  bright  tgiA. 
It  was  lightning.    A  shower  now  fell,  which,  wetting  the  cord  of  thekiti^ 
improved  its  conducting  power ;  sparks  in  rapid  suooe«Bion  were  drawnfioB 
the  key  ;  a  Leyden  jar  was  charged  by  it,  and  a  shock  was  given :  iniM, 
all  the  experiments  which  were  wont  to  be  made  by  electridty^  were  n|ii»> 
duced  identical  in  all  their  concomitant  circumstances.' 

It  appears  that  the  first  spark  from  an  atmospheric  exploring 
apparatus  was  obtained  hy'  M.  Dalibard,  at  Marlj-la-Ville,  one 
month  before  Franklin's  Idte  experiment  in  Americai  but  as  liu 
arrangements  were  made  at  the  suggestion  and  on  the  prindplei 
of  Franklin,  it  is  unquestionably  to  the  latter  the  honour  of  having 
established  the  identity  between  electricity  and  Gghtzuiig  must  be 
awarded. 

Franklin's  experiment  was  eagerly  repeated  in  almost  eyeiy 
civilised  country,  and  with  variable  success.  In  France  a  grand 
result  was  obtained  by  Komas^  who  constructed  a  kite  seven  feet 
bigh^  which  he  raised  to  the  height  of  550  feet  by  a  string  having 
a  fine  vrire  interwoven  throughout  its  whole  length.  It  la  stated 
that  on  the  26th  of  August,  1756,  flashes  of  ^le  ten  feet  Umg  were 
given  off  from  this  conductor.  In  1753,  Professor  Richmann,  of 
St.  Petersburg,  was  struck  dead  by  a  flash  of  lightning  from  an 
exploring  apparatus  he  had  erected  for  the  purpose  of  repeating 
Franklin's  experiments. 

Lightning  and  thunder,  then,  are  atmospheric  electrical  phe- 
nomena, and  a  thunderstorm  is  the  result  of  an  electrical  disturb- 
ance arising  from  the  accumulation  of  active  electricity  in  masses 
of  vapour  condensed  in  the  atmosphere.  Agreeably  with  the  laws 
of  induction,  a  mass  of  electrified  vapour  determines  an  opposite 
electrical  state  over  that  portion  of  the  earth's  surface  directly 
opposed  to  it :  the  particles  of  intervening  air  assume  a  peculiar 
forced  electrical  state  which  has  been  termed  'polarisedf*  and  when 
the  tension  has  been  raised  to  a  certain  point,  and  the  particles 
ran  no  longer  resist  the  tendency  of  the  opposite  electrical  forces 
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^^  combine,  they  are  displaced  and  broken  through  with  a  greater 

^^^less  degree  of  mechanical  violence.    The  clouds  and  the  earth, 

^»  two  oppositely  electrified  clouds,  correspond  to  the  coatings,  and 

^%i2ie  intervening  air  to  the  glass  of  the  Leyden  phial,  and  the 

."^iiimderstorm  is  the  charging  and  discharging  of  this  huge  system. 

The  snap  attending  the  spark  firom  the  prime  conductor,  and 
tiie  awful  thunder-crash,  are  undoubtedly  siniilar  phenomena,  and 
produced  by  liie  same  action.  The  cause  is  the  vibration  of  ttie 
'  air,  agitated  by  the  passage  of  the  electric  discharges  with  a 
greater  or  less  degree  of  intensity  ;  and  two  explanations  may  be 
given  of  the  manner  in  which  the  vibration  is  produced.  On  the 
one  hand,  it  may  be  imagined  that  the  electric  fluid  opens  for 
itself  a  passage  through  air,  or  other  matter,  in  the  manner  of  a 
projectile,  and  that  the  sound  is  caused  by  the  rush  of  the  air  into 
the  vacuum  produced  by  the  instantaneous  passage  of  the  fluid  ; 
or,  on  the  other  hand,  the  vibration  may  be  referred  to  a  decompo- 
Bition  and  recomposition  of  electricity,  in  all  the  media  in  which  it 
appears.  On  liiis  hypothesis  the  continued  roll  is  the  eflect  of  the 
comparatively  slow  propagation  of  sound  through  air. 

The  latter  of  these  two  ways  of  accounting  for  the  vibration 
seems  to  accord  best  with  fieusts ;  for,  in  the  first  place,  it  has  been 
objected,  that  if  the  noise  were  occasioned  by  the  electric  fluid 
forcing  for  itself  a  passage  through  the  air,  a  similar  sound  ought 
to  be  produced  by  a  cannon  ball ;  and  a  still  stronger  objection  is, 
that  experiments  seem  to  indicate  that  the  Electric  fluid  is  not 
transferred  firom  point  to  point  like  a  projectile  of  ponderable 
matter,  but  by  the  vibration  of  an  elastic  medium. 

(48)  yiienomena  ef  a  Tliimderstoriii. — The  appearance  of 
the  heavens  previous  to  and  during  a  thunderstorm  was  thus  de- 
scribed by  Beccaria  (Lettei'e  delV  ElettricismOy  Bologna,  1758)  :  — 

'  A  der.se  cloud  is  first  formed,  increasing  rapidly  in  magnitude,  and 
ascending  into  the  higher  regions  of  the  atmosphere.  The  lower  end  is 
black  and  nearly  horizontal,  but  the  upper  end  is  finely  arched  and  welJ- 
defined.  Many  of  these  clouds  often  seemed  piled  one  upon  the  other,  all 
arched  in  the  same  manner ;  but  they  keep  constantly  uniting,  swelling, 
and  extending  their  arches.  When  such  clouds  rise,  the  firmament  is 
nsnaUy  sprinkled  over  with  a  great  number  of  separate  clouds  of  odd  and 
bizarre  forms,  which  keep  quite  motionless.  When  the  thunder-clouds 
ascend,  these  are  drawn  towards  it,  and  as  they  approach  thev  l>ecome  more 
vaaiarm  and  regular  in  their  shapes,  till  coming  close  to  the  thunder-  cloud 
their  limbs  stretch  mutually  towards  each  other,  finally  coalesce,  and  form 
one  Tmifonm  mass.  But  sometimes  the  thunder-cloud  will  swell  and  increase 
without  the  addition  of  these  smaller  clouds.  Some  of  the  latter  appear 
like  white  firinges  at  the  skirts  of  the  thunder-cloud,  or  under  the  body  of 
it ;  bat  they  continually  grow  darker  and  darker  as  they  approach  it. 

'When  the  thunder-clond  thus  angmeaed  has  attained  a  great  magni- 
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tude,  its  lower  suifaoe  is  often  ragged,  particular  parts  being  detached 
towards  the  earth,  but  still  connected  with  the  rest  Sometimes  the  lower 
surface  swells  into  large  protuberances,  tending  uniformly  towards  the 
earth  ;  but  sometimes  one  whole  side  of  Uie  doud  will  have  an  indinatioQ  to 
the  earth,  which  the  extemity  of  it  will  nearly  touch.  When  the  obserw 
is  under  the  thunder-cloud  after  it  is  grown  larger  and  is  well  formed,  it  is 
seen  to  sink  lower  and  to  darken  prodigiously ;  and  at  the  same  time  a  great 
number  of  small  clouds  are  observed  in  rapid  motion,  driven  about  in 
irregular  directions  below  it.  While  these  clouds  are  agitated  with  the 
most  rapid  motions,  the  rain  generally  falls  in  abundance ;  and  if  the  agita- 
tion be  very  great  it  hails. 

*  While  the  thunder-cloud  is  swelling  and  extending  itself  over  a  large 
tract  of  countr}',  the  lightning  is  seen  to  dart  from  one  part  of  it  to  another, 
and  often  to  Uluminate  its  whole  mass.  When>  the  cloud  has  acquired  a 
sufficient  extent,  the  lightning  strikes  between  the  doud  and  the  earth  in 
two  opposite  places,  the  path  of  the  lightning  lying  through  the  whcdebody 
of  the  doud  and  its  branches.  The  longer  this  lightning  continues,  the 
rarer  does  the  doud  grow,  and  the  less  dark  in  its  appearance,  tiU  it  breaks 
in  different  places  and  shows  a  clear  sky.  When  the  thunder-doud  is  thus 
dispersed,  those  parts  which  occupy  the  upper  regions  of  the  atmosphere  ate 
spread  thin  and  equally ;  and  those  that  are  beneath  are  black  and  thin 
also,  but  they  vanish  gradually  without  being  driven  away  by  the  wind.' 

A  great  difference  will  be  observed  in  the  appearance  of  the 
flashes  of  lightning  during  a  thimdefstonn.  The  scene  is  some- 
times rendered  awfully  magnificent  by  their  brilliancy,  frequency, 
and  extent;  darting  sometimes  on  broad  and  well-defined  lines 
from  cloud  to  cloud,  and  sometimes  shooting  towards  the  earth ; 
they  then  become  zigzag  and  irregular,  or  appear  as  a  laijge  and 
rapidly  moving  ball  of  fire,  an  appearance  usually  designated  by 
the  ignorant  a  thunderbolt j  and  erroneously  supposed  to  be  attended 
by  the  fall  of  a  solid  body.  The  report  of  the*  thunder  is  also 
modified  according  to  the  nature  of  the  country,  the  extent  of  the 
air  through  which  it  passes,  and  the  position  of  the  observer. 
Sometimes  it  sounds  like  the  sudden  emptying  of  a  large  cart-load 
of  stones,  sometimes  like  the  firing  of  a  volley  of  musketry ;  in 
these  cases  it  usually  follows  the  lightning  immediately,  and  is 
near  at  hand.  When  more  distant,  it  rumbles  and  reverberates  at 
first  with  a  loud  report,  gradually  dying  away,  and  returning  at 
intervals,  or  roaring  like  the  discharge  of  heavy  artillery. 

In  accounting  for  these  phenomena,  it  must  be  remembered  that 
the  passage  of  electricity  is  almost  infinitely  rapid.  A  discharge 
through  a  circuit  of  many  miles  has  been  experimentally  proved  to 
be  instantaneous.  The  motion  of  light  is  similarly  rapid,  and 
hence  the  flash  appears  momentary,  however  great  the  distance 
through  which  it  passes ;  but  sound  is  vastly  slower  in  its  pro- 
firess,  travelling  in  air,  according  to  the  most  recent  experiments 
of  the  members  of  the  Paris  Board  of  Longitude,  1,115  feet  in  a 


TABnnH  ov  ufiHxnm.  89 

■eond  at  60  dag^  fUir.  Now  waffouag  the  lig^itoiiig  to  p«M 
tkRMgii  aqpaoeof  Mine  mile^ihe  qKpkdomrill  bs  fist  ]iB«d 
ik«n  Ae  point  of  tho  dbr  agiteled  netrctt  fh«  ifeotefenr,  it  will 
gndnallf  oome  from  the  moie  distut  parti  of  the  oonne  of  the 
dBctridtj',  end  last  of  all  h  will  he  heaid  60m  the  remote  ertane- 
Htj;  and  the  diflnEvnt  degnes  of  'agitation  of  the  airi  and  like- 
win  the  dxffiatrenoe  of  the  dietaoee,  iHIl  aeooant  for  the  different 
mtanntiee  of  thd  goimd  and  the  lereriieiation. 

nuxmaon  haa  had  •erenl  opportonitiea  of  obeerfing  electrical 
mdicationa  with  hia  portable  deetrometer  (43)  during  day  thnnder- 
rtoEma.  He  commenced  the  obeerration  on  each  occasion  alter 
laTing  beard  thmider  and  perceired  frequent  impoleee  on  the 
needk^  which  censed  it  to  Tifarate,  indicating  sudden  changes  of 
ebetae  'potentiiBl'  at  the  place  where  he  stciod.  He  could 
eoaneet  the  laorger  of  these  impulses  with  thunder  heard  some  time 
ktor,  with  shout  the  same  degree  of  certsintj  as  the  brighter 
flsahfls  of  li^tning  during  a  Ihundeistonn  by  night  are  usually 
leeogoised  as  distinctly  connected  with  the  distant  peals  of 
tfannder.  By  counting  time^  he  estimated  the  distance  of  the  die- 
ehsige  as  not  nearer  on  any  ocearion  than  about  four  or  flTe  milea. 
On  none  of  these  occanons  did  he  see  any  li^tning. 

The  absolute  ^potential'  at  the  position  of  the  burning  match 
was  sometimes  pofiitive  and  sometimes  negative,  and  the  sudden 
changes  demonstrated  by  the  impulses  on  the  needle  were,  so  far  as 
he  could  judge,  as  often  augmentations  of  positive  or  diminutions 
of  negative  as  diminutions  of  positive  or  augmentations  of  nep^tive. 

(49)  Varieties  of  Ufflitiiiiia. — Arago  divides  the  phenomena 
of  lightning  into  three  classes.  In  the  first  he  places  those  lumin- 
ous discharges  characterised  by  a  long  streak  of  light,  very  thin, 
and  well-defined  at  the  edges ;  they  are  not  always  white,  but  are 
sometimes  of  a  violet  or  purple  hue;  they  do  not  move  in  a 
straight  line,  but  have  a  deviating  track  of  a  zigzag  form.  They 
frequently  divide  in  striking  terrestrial  objects  into  two  or  more 
distinct  streams,  but  invariably  proceed  from  a  single  point. 

Under  the  second  class  Arago  has  placed  those  luminous  effects 
not  having  any  apparent  depth,  but  expanding  over  a  vast  surface. 
They  are  frequentiy  coloured  blue,  red,  and  violet ;  they  have  not 
the  activity  of  the  former  class,  and  are  generally  confined  to  the 
edges  of  the  cloud  from  which  they  appear  to  proceed. 

In  the  third  class  are  included  those  more  concentrated  masses 
of  light  which  Arago  terms  'globular '  lightning.  The  long  zig- 
zag and  expanded  flashes  exist  but  for  a  moment,  but  these  seem 
to  endure  for  many  seconds ;  tLey  appear  to  occupy  time,  and  to 
have  a  progrressive  moHon* 
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*  It  is  more  than  probable,'  observes  Sir  William  Snow  Harris  {E»$ajfom 
the  Nature  of  ThunderstorvM)^  *  that  many  of  these  phenomena  are  at  last 
reducible  to  the  common  progress  of  the  disraptive  discharge  modified  by 
the  quantity  of  passing  electricity,  the  density  and  condition  of  the  air,  and 
the  brilliancy  of  the  attendant  light.  When  the  state  of  the  atmosphere  if 
such  that  a  moderately  intense  discharge  can  proceed  in  an  occasioiiallj 
deviating  zigzag  line,  the  great  nucleus  or  head  of  the  discharge  beoomsi 
drawn  out  as  it  were  into  a  line  of  light  visible  through  the  whole  trade ; 
and  if  the  discharge  divides  on  approaching  a  terrestrial  object,  we  have  what 
sailors  call  "forked  lightning ; "  if  it  does  not  divide,  but  exhibits  a  long 
rippling  line  with  but  little  deviation,  they  call  it "  chain  lightning"  What 
sailors  term  "sheet  lightning"  is  the  light  of  a  vivid  discharge,  reflected  from 
the  surface  of  distant  clouds,  the  spark  itself  being  concealed  by  a  dense 
intermediate  mass  of  cloud,  behind  which  the  discharge  has  taken  place. 
In  this  way  an  extensive  range  of  cloud  may  appear  in  a  blaze  of  light,  pro- 
ducing a  truly  sublime  effect  The  appearance  termed  **  globular  Ughining  *' 
may  be  the  result  of  similar  discharges-;  it  is,  no  doubt,  always  attended  by 
a  diffusely  luminous  track :  this  may,  however,  be  completely  eclipsed  in 
the  mind  of  the  observer  by  the  great  concentration  and  density  of  the 
discharge  in  the  points  immediately  through  which  it  continu<>B  to  force  its 
way,  and  where  the  condensation  of  the  air  immediately  before  it  is  often  ex- 
tremely great  It  is  this  intensely  luminous  point  wMch  gives  the  motion 
of  globular  discharges  ;  and  it  is  clear,  from  the  circumference  of  air  which 
may  become  illuminated,  that  the  apparent  diameter  will  often  be  great/ 

In  many  cases  in  which  distinct  balls  of  fire  of  sensible  dura- 
tion have  "been  perceived,  the  appearance  may  have  resulted  from 
a  species  of  brush  (20,  6.)  or  glow  (20,  c.)  discharge,  and  it  is  not 
difficult  to  conceive  that  before  a  discharge  of  the  whole  system 
takes  place — that  is  to  say,  before  the  constrained  condition  of  the 
dielectric  particles  of  air  intermediate  between  the  clouds  and  the 
earth  becomes  as  it  were  overturned — the  particles  nearest  one  of 
the  terminating  plains  or  other  bodies  situate  on  them  may  begin 
to  discharge  upon  the  succeeding  particles,  and  make  an  effort  to 
restore  the  natural  condition  of  the  system  by  a  gradtml  process. 

(50)  Positions  of  Safety  dnringr  a  Tbanderstorm. — K  out 
of  doors,  trees  should  be  avoided  ;  and  if,  from  the  rapidity  with 
which  the  explosion  follows  the  flash,  it  should  be  evident  that 
the  electric  clouds  are  near  at  hand,  a  recumbent  position  on  the 
ground  is  the  most  secure.  It  is  seldom  dangerous  to  take  shelter 
under  sheds,  carts,  low  buildings,  or  the  arch  of  a  bridge ;  the  dis- 
tance of  twenty  or  thirty  feet  from  all  talHrees  or  houses  is  rather 
an  eligible  situation^  for  should  a  discharge  take  place,  these 
elevated  bodies  are  most  likely  to  receive  it,  and  less  prominent 
bodies  in  the  neighbourhood  are  more  likely  to  escape.  It  is  right 
to  avoid  water,  for  it  is  a  good  conductor,  and  the  height  of  a 
human  being  near  the  stream  is  not  unlikely  to  determine  the 
direction  of  a  discharge.    Within  duors  we  are  tolerably  safe  in 
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middle  of  a  carpeted  room,  or  when  standing  on  a  double 
luarth-rug.  The  chimney  should  be  avoided,  as,  when  a  building 
^  struck  with  lightning,  the  charge  is  generally  determined  towards 
3t)  in  consequence  of  the  good  conducting  power  of  the  carbon  or 
•oot ;  upon  the  same  principle,  gilt  mouldings,  bell  wires,  &c.,  are  in 
danger  of  being  struck.  In  bed  we  are  tolerably  safe,  blankets  and 
ftathers  being  bad  conductors,  and  we  are  consequently  to  a  certain 
degree  insulated.  It  is  injudicious  to  take  ref^ige  in  a  cellar,  for 
it  has  sometimes  happened  that  buildings  that  have  been  struck  by 
lightning  have  sustfdned  the  greatest  injury  in  the  basement  story. 

(51)  Back  Stroke. — A  person  may  be  stnick  by  lightning 
although  the  explosion  takes  place  twenty  miles  off,  by  what  is 
called  the  *  back  stroke.'  Suppose  that  the  two  extremities  of  a 
doud  highly  charged  hang  down  to  the  earth ;  they  will  repel  the 
electrici^  ^m  the  earth's  surface  if  it  be  of  the  same  kind  as 
their  own,  and  will  attract  the  other  kind ;  if  a  discharge  should 
suddenly  take  place  at  one  end  of  the  cloud,  the  equilibrium  will 
instantly  be  restored  by  a  flash  at  that  point  of  the  earth  which  is 
under  tiie  other.  Altiiough  this  back  stroke  is  sometimes  sufli- 
diently  powerfiil  to  destroy  life,  it  is  never  so  terrible  in  its  effects 
as  the  direct  shock. 

(52)  X^vlitninr  Oondnotors. — Franklin  was  the  first  to  sug- 
grest  a  method  of  defending  buildings  from  the  effects  of  lightning. 
His  plan  was  to  erect  by  the  side  of  the  building  a  continuous 
metallic  rod  in  perfect  communication  with  the  earth,  and  experi- 
ence has  fully  demonstrated  the  value  of  this  precaution.  The 
metal  should «be  copper ;  the  rod,  about  one  inch  in  diameter,  should 
be  carried  above  the  highest  point  of  the  building,  and  it  should 
penetrate  the  ground  sufficiently  deep  to  come  into  contact  with 
moist  soil.  It  should  be  applied  as  closely  as  possible  to  the  walls 
of  the  building,  and  all  contiguous  masses  of  metal — gutters,  water- 
pipes,  &c. — should  be  metallically  connected  with  it,  for  although 
there  is  no  danger  of  a  properly  arranged  lightning-conductor 
throwing  off  lateral  8parks  to  any  semi-insulated  metallic  masses 
rear  it,  the  discharge  may  in  its  course  divide  between  the  rod  and 
other  metallic  bodies  in  its  neighbourhood  in  good  connection  with 
the  earth.  The  action  of  the  conductor  is  purely  passive ;  it  offers 
to  the  disruptive  discharge  a  line  of  small  resistance,  whereby 
those  irreslBtible  mechanical  effects  which  attend  the  passage  of 
the  discharge  through  resisting  matter  are  prevented. 

When  large  ranges  of  straggling  buildings  are  to  be  protected, 
two  or  more  conductors  should  be  applied,  and  the  whole  con- 
nected together  by  bands  of  metal.  Harris  recommends  that  the 
conductors  should  be  constructed  of  copper  pipe,  from  one  to  two 


92 


ATHOSPHEBIC  BLBCTRICIIT. 


inches  in  diameter,  and  about  one-fifth  of  an  inch  thick ;  it  maylw 
prepared  in  lengths  of  about  ten  feet,  and  united  together  at  tiie 
time  of  fixing  by  screwing  the  lengths  together  upon  short  into^ 
mediate  pieces. 

When  a  very  dense  electrical  explosion  fails  on  a  conductor, 
the  rod  sometimes  becomes  covered  with  a  luminous  glow,  and  a 
loud  whizzing  sound  is  at  the  same  time  heard.  This  luminous 
appearance  is,  however,  of  a  perfectly  harmless  character,  and 
provided  the  conductor  be  of  sufficient  capacity,  it  is  unattended 
with  any  calorific  effect ;  it  appears  to  be  a  sort  of  glow  discharge 
(20,  c.)  between  the  metal  and  the  air,  inmiediatelj  in  the  pointB 
of  contact,  and  may  be  classed  with  the  phosphorescent  flashes 
attendant  on  the  aurora  borealis,  or  with  the  streaming  of  ordinaiy 
electricity  in  the  exhausted  receiver  of  an  air-pump. 

The  following  experiment  was  airanged  by  Sir  Wm.  Harris  (Nature  of 
Thunderstorms),  with  the  view  of  illustrating  tire  power  of  pointed  bodies  to 
discharge  the  electricity  of  the  dondlb  without  attracting  them,  cph  (Fig.  64) 
is  a  long  bent  of  arm  of  light  brass  wire,  balanced  by  means  of  a  central  point,;?, 
on  the  charging  rod  of  the  jar  j,  on  which  it  has  free  motion  in  all  directions ; 
A  is  a  light  disc  of  gilded  wood»  resembling  a  common  scale  pan,  covered 

Fig.  64. 


with  a  lock  of  fine  cotton-wool,  and  suspended  by  conducting  threads  froii'*- 
the  arm  cph.  A  pointed  body,  b,  is  placed  on  the  same  conducting  bas^ 
as  the  jar.  If  the  jar  be  now  charged,  the  cotton  in  the  scale  pan  will  begird 
to  extend  its  filaments,  and  the  whole  will  be  attracted  towards  the  tabl^ 
much  in  the  same  way  as  a  cloud  appears  to  be  attracted  towards  the  earthy 
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ag  the  bent  arc  epbto  assume  an  inclined  position.  If  the  arm  be 
»naed  to  move  npon  its  centre,  p,  so  as  to  allow  the  artificial  doud  a 
pioach  the  point  b,  the  arm  will  gradiuJly  assume  its  previous  hori- 
1  position,  in  consequence  of  the  influence  of  the  point  in  neutralising 
pposite  forces.  As  the  artificial  cloud  oontinues  to  approach  the  point, 
iction  proceeds  so  rapidly  as  frequently  to  produce  a  whizzing  sound, 
>ent  arm  reoovering  at  the  same  time  its  horizontal  position.  The 
•pan  A,  so  &r  ih>m  being  attracted  by  the  point,  actually  recedes  from 
d  represents  very  &ithftilly  the  nature  of  the  operation  of  pointed  bodies 
laiged  donds. 


Wg.  6$. 


Pig.  66. 
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The  following  instructiye  experimentB  were  also  devised  by 
Harris  for  the  purpose  of  proving  that  an  electrical  explosion  iM 
not  leave  a  good  conductor,  constituting  an  efficient  line  of  action, 
to  fSftll  upon  bodies  out  of  that  line : — 

Lay  some  small  pieces  of  gold  leaf  on  a  piece  of  paper,  as  represented  in 
Fig.  65  ;  pass  a  dense  shock  of  electricity  (firom  not  less  than  eight  sqnue 
feet  of  coating)  over  these  from  the  commencement  at  a  to  the  termination 
at  B,  so  as  to  destroy  the  gold ;  the  line  which  the  discharge  has  taken  will 
be  as  shown  in  Fig.  66,  which  is  copied  from  the  actual  effects  of  an  electrical 
discharge.  By  the  result  of  the  explosion  represented  in  Fig.  66,  it  is  shown 
that  the  portions  of  the  conductor  below  the  striking  parts  are  out  <tf  the 
line  of  discharge,  and  not  involved  in  the  result. 

In  Fig.  66  it  is  particularly  worthy  of  remark  that  not  only  are  the  pieces 
5,  6,  14, 15, 18, 19,  22,  23,  untouched,  being  from  their  positions  of  no  use  in 
facilitating  the  progress  of  the  discharge,  but  even  portions  of  other  pieoM 
which  have  so  operated  are  left  unii^ured,  as  2,  3, 8,  9, 10,  so  little  is  there 
any  tendency  to  a  lateral  discharge,  even  up  to  the  point  of  dispersion  of 
the  metallic  circuit  in  which  the  charge  has  proceeded.  Indeed,  as  Harris 
observes,  so  completely  is  the  effect  confined  to  the  line  of  least  resistance, 
that  percussion  powder  may  be  placed  with  impunity  in  the  interval  between 
the  portions  4  and  5,  and  the  separated  pieces  of  gold  leaf  thus  placed  may 
be  taken  to  represent  detached  conducting  masses  fortuitously  placed  along 
the  mast  and  hull  of  a  ship,  and  that  therefore  any  fear  that  a  conductor  on 
a  ship's  mast  would  operate  on  the  magazine  is  quite  unwarranted. 

(.53)  Xiigrlitningr  Condaotora  for  Bliipa. — Formerly  the  con- 
ductors used  for  protecting  ships  against  the  effects  of  lightning 
consisted  of  chains  or  links  of  copper  about  the  size  of  a  goose 
quill,  which  were  generally  packed  away  in  a  box,  where  they 
frequently  remained  untouched  during  long  and  hazardous  voy- 
ages. It  was  the  late  Mr.  Singer  who  first  suggested  that  fixed 
conductors  should  be  employed,  but  the  perfection  of  the  system, 
and  its  general  introduction  into  the  navies  and  merchant  services 
of  nearly  all  countries,  is  due  to  the  unceasing  labours  of  Sir  Wil- 
liam Snow  Harris. 

His  original  proposition  {Nautical  Magarnie,  1852)  was  to  in- 
corporate with  the  masts  a  series  of  copper-plates  from  the  truck 
to  the  keelson,  so  mechanically  arranged  and  combined  in  two 
laminae  as  to  yield  freely  to  any  flexure  or  strain  to  which  the 
spars  might  be  subject,  at  the  same  time  preserving  an  efficient 
and  unbroken  chain,  and  then  to  connect  these  vertical  conducting 
lines  by  conducting  plates  similarly  arranged  with  the  various 
metallic  bolts  passing  through  the  keelson  and  other  parts  of  the 
hull  to  the  copper  expanded  over  the  bottom,  thus  uniting  as  it 
were  into  one  great  chain  the  conductor  on  the  mast,  the  metallic 
bodies  on  the  hull,  and  the  general  surface  of  the  sea,  so  that  from 
the  moment  of  lightning  falling  on  any  point  aloft  the  explosion 
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asei  and  the  general  fabric  would  be  insured  against 

3*8  improved  system  of  lightning  conductors  for  ships  is 

Figs.  67,  68. 

is  the  conductor,  consisting  of  a  series  of  narrow  plates  of  sheet 
lengths  of  fbnr  feet,  placed  in 


one  immediately  over  the  other, 

ray  as  to  allow  the  joints  of  one 

1  immediately  under  or  over  the 

I  portions  of  the  other.    The 

lidd  in  shallow  grooves  cut  for 

»tion  along  the  aft  sides  of  the 

masts,  fh>m  the  truck  to  the 

d  preserving  an  adequate  con- 

the  caps  through  which  the 

ions  of  the  mast  are  required  10 

elongation  or  contraction  of  the 

the  removal  of  either  of  them, 

disturbs  the  contiauitj  of  the 

1  evidently  remains  the  same,. 

shortest  and  best  conducting 

en  the  mast-head  at  d  and  the 

«curity  ensured  to  ships  by 
sm  of  lightning  conductors 
istrated  by  the  following 
3f  recorded  cases  of  '  Ships 
y  Lightning,'  published  by 
n  the  Nautical    Magaziney 

eneral  system  of  lightning  con- 
s  been  more  or  less  in  use  since 
330 ;  at  first  in  about  ten  of  Her 
ships,  and  sioce  1843  throughout 
navy,  which  gives  a  clear  course 
lents  of  at  least  twenty  years, 
ng  this  time  the  ships  having 
mductors  have  been  exposed  to 
in  its  most  appalling  forms  in 
ry  part  of  the  world ;  and  during 
itr  years  there  are  not  more  than 
rded  cases  of  ships  struck  by 
though  numbers  of  remarkable 
in  which  the  conductors  have 
f  tranquilly,  as  it  were,  large 
atmospheric  electricity.  In  no 
any  ill  consequence  ensued.  Be- 
ta and  1843 — that  is,  up  to  the 
ich  the  svstem  wasfully  adopted, 


Fig.  67. 

Hi 


Fig.  68. 
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and  induding  ten  yean  common  to  both  period0--4here  are  tizfy  leooidfli 
cases  of  ships  struck,  and  in  eveiy  instance  destraotiTe  damage  eosoed,  and 
in  many  cases  to  a  f^ightftil  extent.  It  thus  i^pean  that  shipa  tuftfardibsA 
with  the  new  conductors  have  been  struck  bj  lightning  more  frequently  thaa 
ships  haying  such  conductors  in  the  pr<^)ortions  of  three  to  two— a  remit  • 
quite  conclusive  of  the  question  whether  each  oondncton  do  or  do  not 
operate  in  attracting  lightning  to  the  shfp.  In  shorty  ainoe  the  geaeni 
introduction  of  this  system  into  the  public  service,  damage  fhim  lightning 
has  vanished  altogether  from  the  records  of  the  navy.' 

As  an  illustration  of  the  tremendous  explomve  power  of  light- 
ning when  it  strikes  the  unprotected  mast  of  a  ahip,  we  may  quote 
the  case  of  H.M.  ship  ^  Elephant,'  which  was  struck  by  a  poweifiil 
iiash  of  lightning  in  November  1 790. 

The  mast  weighed  z8  tons ;  it  was  3  feet  in  diameter  and  zio  feet  kog, 
and  was  strongly  bound  together  by  iron  hoops,  some  of  whidi  were  half  la 
inch  thick  and  5  inches  wide ;  yet  it  was  shivered  into  pieces,  and  the  hoopi 
were  burst  open  and  scattered  around  amidst  the  shattered  fragments  of  the 
mast. — (Harris.) 

An  instructive  illustration  of  the  protective  power  of  a  con- 
ductor is  afforded  by  the  instance  of  the  '  Dido/  which  was  struck 
by  a  bifurcated  flash  of  lightning  which  fell  upon  the  main  royal 
mast  in  May  1847. 

One  of  the  branches  struck  the  extreme  point  of  the  royal  yard  arm,  iRftteJk 
was  not  supplied  with  a  conductor^  and  in  its  course  to  the  conductor  on  the 
mast  demolished  the  yard,  and  tore  in  pieces  or  scorched  up  the  greattf 
part  of  the  sail ;  the  other  part  fell  on  the  vane-spindle  and  truck,  which 
last  was  split  open  on  the  instant  that  the  dischaige  seized  the  conductor. 
From  this  point,  however,  the  explosive  action  ceased,  and  the  discharge 
freely  traversed  the  whole  line  of  the  conductor,  from  the  masthead  (which 
was  supplied  with  a  conductor)  downwards,  without  doing  further  damage. 

(54)  Volcanic  Eruptions  in  tlie  Sea. — ^These  being  gene- 
rally attended  by  thunder  and  lightnings  may  be  classed  among 
electrical  phenomena.  In  June  181 1,  Captain  TiUand  observed, 
off  the  island  of  St.  Michael,  one  of  these  marine  volcanoes^of 
which  he  has  given  the  following  account  (PhU.  Trans,)  : — 

*  Imagine  an  immense  body  of  smoke  rising  from  the  sea.   In  a  quiescent 
state  it  had  the  appearance  of  a  circular  cloud  revolving  in  the  water  like  a 
horizontal  wheel,  in  various  and  irregular  involutions,  expanding  itself* 
gradually  on  the  lee  side ;  when  suddenly  a  column  of  the  blackest  cinders, 
ashes,  and  stones  would  shoot  up  in  the  form  of  a  spire,  rapidly  succeeded 
by  others,  eoch  acquiring  greater  velocity,  and  breaking  into  various  branches 
resembling  a  group  of  pines  ;  these  again  forming  themselves  into  festoon^ 
of  white  feathery  smoke.    During  these  bursts  the  most  vivid  flashes  0^ 
lightning  continually  issued  from  the  densest  part  of  the  volcano,  and  th9 
columns  rolled  off  in  large  masses  of  fleecy  clouds,  gradually  expanding 
themselves  before  the  wind,  in  a  direction  nearly  horizontal,  and  drawing 
up  a  quantity  of  waterspouts.    In  less  than  an  hour  a  peak  was  visible,  an(^ 
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fa  three  houn  firom  the  time  of  our  arrival,  the  volcano  then  bein;;  four  hourn 
«]d«  a  crater  was  formed  twenty  feet  high  and  from  four  to  five  hundred  feet 
Ib  diameter. 

*  The  eruptions  were  attended  by  a  noise  like  the  firing  of  a  cannon  and 
■nuketry  mixed,  as  also  with  shocks  of  earthquake,  sufficient  to  throw  down 
•  large  part  of  the  cliff  on  which  we  stood.  I  afterwards  viiiitcd  the  volcanic 
IdAnd  ;  it  was  eighty  yards  high ;  its  crater  upon  the  level  of  the  sea  was 
AiU  of  boiling  water ;  it  was  about  a  mile  in  circumference,  and  composed  uf 
porons  cinders  and  masses  of  stone.'. 

(55)  Tornadoes. — It  has  been  a  subject  of  discussion  whetlitT 
tornadoes  are  really  electrical  phenomena,  or  whether  they  are 
eaiued  by  heat  evolved  from  condensing  vapour.  From  the  fol- 
lowing account  of  the  devastating  effects  of  one  of  these  meteors 
which  occurred  at  Chatenay,  near  Paris,  in  1839,  it  appe^s  that 
they  are  accompanied  by  marked  electrical  disturbances  (Hejwrt  hy 
Pdtier  to  the  French  Academy  of  Sciences  in  1839)  : — 

*  Up  to  this  time  there  had  been  thunder  continually  rumbling  within  th/; 
second  thunder-cloud,  when    suddenly  an  under  portion  of    this  cloud 
deBcending  and  entering  into  communication  with  the  earth  the  thunder 
ceased:    A  prodigious  attractive  force  was  exerted  forthwith ;  all  the  (hist 
and  other  light  bodies  which  covered  the  surface  of  the  enrth  mounted  to- 
wards the  apex  of  the  cone  formed  by  the  cloud,  and  a  rumbling  thunder 
was  continoally  heard.    Small  clouds  wheeled  about  the  inverted  cone, 
rising  and  descending  with  rapidity.    The  column  was  terminated  by  a  cnp 
of  fire.    To  the  south-east  of  the  tornado,  on  the  side  expa«<e(l  to  it,  the  trees 
were  shattered,  while  those  on  the  other  side  of  it  pre8er\'ed  their  sap  and 
verdure  ....  finally  it  advanced  to  the  park  and  castle  of  Chatenay,  over- 
throwing every  tiling  in  its  path.    On  entering  the  park,  which  is  on  the 
summit  of  a  hill,  it  desolated  one  of  the  most  agreeable  lesidences  in  the 
neighbourhood  of  Paris.    All  the  finest  trees  were  uprooted,  the  youngest 
only,  which  were  without  the  tornado,  having  escaped.    The  walls  wero 
thrown  down,  the  roo&  and  chimneys  of  the  castle  and  farm  hou£«  carried 
away,  and  branches,  tiles,  and  other  movable  bodies  were  thrown  to  a 
distance  of  more  than  five  hundi-ed  yards.     Descending  the  hill  towards  the 
north,  the  tornado  stopped  over  a  pond,  killed  the  fish,  overthrew  the  trees, 
withering  their  leaves,  and  then  proceeded  slowly  along  the  avenue  of 
willow8|  the  roots  of  which  entered  the  water ;  and  being,  during  this  part 
of  its  pn^^resa,  much  diminished  in  size  and  fonn,  it  proceeded  slowly  over 
a  plain,  and  fiually,  at  a  distance  of  more  than  a  thousand  yards  fruin 

'  ChAtenay,  divided  into  two  parts,  one  of  which  disappeared  in  the  clouds, 

the  other  in  the  ground.  .  .  .  Flashes,  fiery  balls,  and  sparks  accompanied 

the  tornado ;  a  smell  of  sulphur  remained  for  several  days  in  the  house, 

in  which  the  curtains  were  found  discoloured.  .  .  .  Everything,'  observes 

Peltier, '  proves  that  the  tornado  is  nothing  else  than  a  conductor  formed 

of  the  douds,  which  serves  as  a  passage  for  a  continual  discharge  of  elec- 

tridty  from  those  above;    and  that  the  difierence  between  an  ordinary 

thondentorm  and  one  accompanied  by  a  tornado  consists  in  the  presence  of 

a  omductor  of  clouds,  which  seem  to  maintain  the  combat  between  the 

Qpper  porti(nii  of  the  tornado  and  the  ground  beneath.' 

n 
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(56)  ^Vatersponts. — Electrical  agencies  are  supposed  to  h 
concerned  in  the  production  of  waterspoutSi  which  are  at  set 
what  whirlwinds  are  on  land.  These  phenomena  are  consideied 
to  arise  from  the  operation  of  electrical  attraction.  The  following 
accomit  of  a  waterspout  which  nearly  overwhelmed  ihe  vessel  ii 
given  hy  Oaptain  Beechey,  in  his  pubUshed  account  of  his  voyage 
in  the  Pacific,  when  he  commanded  the  'Blossom:' — 

'  It  approached  amidst  heavy  rain,  thunder  and  lightning,  and  was  not 
seen  until  it  was  very  near  the  ship.  The  wind  blew  with  great  videoce, 
momentarily  changing  its  direction,  as  if  it  were  sweeping  round  in  short 
spirals ;  the  rain,  which  fell  in  torrents,  was  also  precipitated  in  curves,  with 
short  intervals  of  cessation.  Amidst  this  shower  the  waterspout  was  dis- 
covered extending  in  a  lapwing  form  from  a  dense  stratum  of  doad  to 
within  thirty  feet  of  the-water,  where  it  was  hid  by  the  foam  of  the  set, 
being  whirled  upwards  by  a  tremendous  gyration.  It  changed  its  directioii 
after  it  was  first  seen,  and  threatened  to  pass  over  the  ship,  but  being 
diverted  from  its  course  by  a  heavy  gust  of  wind  it  gradually  receded.  On 
the  dispersion  of  this  magnificent  phenomenon,  we  olmerved  the  column  to 
diminish  gradually,  and  at  length  retire  from  the  doud  from  which  it  had 
descended,  in  an  undulating  form.  ...  A  6a//  of  fire  was  observed  to  be 
precipitated  into  the  sea,  and  there  was  much  lightning.  The  column  of  the 
waterspout  first  deseended  in  a  spiral  form,untll  it  met  the  ascending  oolnmn 
a  short  distance  from  the  sea.  A  second  and  a  third  were  afterwards  formed, 
which  subsequently  united  into  one  large  column ;  and  this  again  separated 
in  three  smaU  spirals,  and  then  dispersed.  The  barometer  was  not  affected, 
but  the  thermometer  fell  eight  degrees.  The  gyrations  were  in  a  direction 
contrary  to  that  of  the  hands  of  a  watch.' 

The  appearance  of  a  waterspout^  as  seen  by  Oaptain  Beechej,  at 
the  commencement  of  its  formation,  is  shown  in  Fig.  69.    The 
cone  gradually  elongated,  and  as  its  apex  approached  the  sea  the 
surface  of  the  latter  was  perceptibly  agitated,  and  became  whirled 
in  the  air  with  a  rapid  gyration,  forming  a  vast  basin,  from  the 
centre  of  which  the  gradually  lengthening  column,  seemed  to  drink 
fresh  supplies  of  water,  as  shown  in  Fig.  70.    After  a  time  heavy 
rain  fell  from  the  right  of  the  arch  at  a  short  distance  from  the 
spout,  upon  which  the  waterspout  began  to  retire.     The  sea,  on 
the  contrary,  was  more  agitated,  and  for  several  minutes  the  basi^ 
continued  to  increase  in  size,  although  the  column  was  consideT' 
ably  diminished.    Its  appearance  at  this  time  is  shown  in  Fig.  71- 
In  a  few  minutes  more  the  column  had  entirely  disappeared.    Tb® 
sea,  however,  still  continued  agitated,  and  did  not  subside  fo^ 
three  minutes  after  all  disturbing  causes  fix)m  above  had  v^" 
nished. 

(57)  The  Aurora  BorealU. — Although  no  theory  that  h^^ 
yet  been  suggested  to  accoimt  for  this  magnificent  meteorologic^ 
phenomenon  has  received  general  acceptation,  it  is  evident  th^'' 
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the  agent  to  which  its  deyelopment  is  due  is  electridtj,  inflaencei 
in  some  as  yet  unascertained  manner  by  terrestrial  magnetism. 

The  appearance  of  an  aurora  may  be  closely  imitated  by  paaskig 
a  stream  of  electricity  from  the  prime  conductor  of  an  electacal 
machine  through  a  tube  exhausted  of  air — ^the  same  variety  of 
colour  and  intensity,  the  same  undulating  motions  and  occasiooal 
coruscations,  and  the  same  inequality  in  the  luminous  appearance 
are  exhibited  as  in  the  aurora,  and  when  the  rarefaction  is  conside^ 
able,  various  parts  of  the  stream  assume  that  peculiar  glowmg 
colour  which  occasionally  appears  in  the  atmosphere. 

This  beautiful  experiment  is  thus  modified  by  De  la  BiTe 
{Comptes  Itendus,  Oct.  15,  1849). 

A  cylindrical  rod  of  iron  is  cemented  air-tight  into  a  glass  globe.  It  is 
covered,  except  at  its  two  ends,  with  an  insulating  and  thick  layer  of  wax. 
A  copper  ring  surrounds  the  bar  above  the  insulating  layer  in  its  inteznii 
part,  the  nearest  to  the  side  of  the  globe ;  from  this  ring  proceeds  a  ooo- 
ducting  rod,  which,  carefully  insulated,  traverses  the  same  tubuluie  as  the 
iron  bar,  but  without  communicating  with  it,  and  terminates  externally  in 
a  knob  or  hook.  The  air  being  rarefied  through  a  stop-cock  attached  to  a 
second  tubulure,  the  hook  or  knob  is  made  to  communicate  with  one  con- 
ductor, and  the  external  extremity  of  the  bar  with  the  other  conductor  of 
an  electrical  machine ;  the  electricities  unite  in  the  globe,  forming  a  mon 
or  less  regular  fascicle  of  light.  On  bringing  the  external  end  of  the  iron 
bar  into  contact  with  a  pole  of  an  electro-magnet,  taking  care  to  preserve 
good  insulation,  the  light  becomes  a  luminous  ring,  which  rotates  round  the 
bar  in  a  direction  regulated  by  the  magnetisation  of  the  bar.  From  this 
luminous  ring  brilliant  jets  issue  and  form  the  fascicle.  On  removing  the 
electro-magnet  these  phenomena  cease,  giving  place  to  the  previous  appea^ 
ancc,  and  what  is  generally  known  by  the  name  of  *  the  electrical  ego  * 

The  following  is  a  general  description  of  the  aurora  as  observed 
by  M.  Lottin,  at  Bossekop,  in  the  Bay  of  Alton,  on  the  coast  of 
West  Finland,  in  lat.  70°  N.,  during  the  winter  of  1838-9  {Bee* 
quereVs  TraitS  de  MStiorologie)  : — 

*  Between  the  hours  of  four  and  six  in  the  afternoon,  the  sea-fog,  which 
constantly  prevails  in  those  regions,  becomes  coloured  on  its  upper  border, 
or  rather  is  fringed,  with  the  light  of  the  aurora,  which  is  behind  it.    This 
border  becomes  gradually  more  regular,  and  takes  the  form  of  an  arc,  of  a 
pale  yellow  colour,  the  edges  of  which  are  diffuse,  and  the  extremities  resting 
ou  the  horizon.    The  bow  swells  upwards  more  or  less  slowly,  its  summit 
being  constantly  on  the  magnetic  meridian,  or  very  nearly  so.  The  luminous 
matter  of  the  arc  soon  becomes  divided  regularly  by  blackish  streaks,  and  is 
resolved  into  a  system  of  rays.    These  rays  are  alternately  extended  and 
contracted,  sometimes  slowly,  sometimes  instantaneously ;  sometimes  they 
would  dart  out,  increasing  and  diminishing  suddenly  in  splendour.    The 
inferior  parts  of  the  feet  of  the  rays  present  always  the  most  vivid  light,  and 
form  an  arc  of  greater  or  less  regularity.    The  length  of  these  rays  was 
often  very  varied,  but  they  all  converged  to  that  point  of  the  heavens 
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indicated  by  the  direction  of  the  south  pole  of  the  dipping  needle.    Some- 
times they  were  prolonged  to  the  point,  where  their  directions  intersected, 
and  formed  the  sammit  of  an  enormous  dome  of  light.    The  bow  would  then 
oontinae  to  ascend  towards  the  zenith.    Its  light  would  experience  an  un- 
dolatory  movement ;  that  is,  from  one  extremity  to  the  other  the  brightness 
of  the  rays  would  increase  successively  in  intensity.    This  luminous  current 
would  appear  several  times  in  quick  succession,  and  it  would  pass  much 
more  frequently  from  west  to  east  than  in  the  opposite  direction.    Some- 
timeii,  though  rarely,  a  retrograde  motion  would  take  place  immediately 
afterwards ;  and  as  soon  as  this  wave  of  light  had  run  successively  over  ail 
the  rays  of  the  aurora  from  west  to  east,  it  would  return  in  the  contrarj- 
direction  to  the  point  of  its  departure.     The  bow  thus  presenting  the 
appearance  of  an  alternate  motion  in  a  direction  nearly  horizontal,  had 
usually  the  appearance  of  the  undulations  or  folds  of  a  riband,  or  of  a  flag 
agitated  by  the  wind.    Sometimes  one,  sometimes  both  of  its  extremities 
would  desert  the  horizon,  and  then  its  fold  would  become  more  numerous 
and  marked ;  the  bow  would  change  its  character  and  assume  the  form  of  a 
long  sheet  of  rays  returning  into  itself,  and  consisting  of  several  parts, 
forming  graceful  curves.    The  brightness  of  the  rays  would  vary  suddenly, 
sometimes  surpassing  in  splendour  stars  of  the  first  magnitude.    These  rays 
weuld  rapidly  dart  out,  and  curves  would  be  formed  and  developed  like  the 
folds  of  a  serpent ;  then  the  rays  would  assume  various  colours :  the  base 
would  be  blood  red,  the  middle  pale  emerald  green,  and  the  remainder  would 
preserve  its  dear  yellow  hue.  These  colours  always  retained  their  respective 
positions,  and  they  were  of  admirable  transparency ;  the  brightnetis  would 
then  diminish,  the  colour  disappear,  and  all  would  be  extinguished — some- 
times suddenly,  sometimes  gradually. 

'  After  iMa  disappearance,  fragments  of  the  bow  would  be  reproduced, 
and  would  continue  tiieir  upward  movement  and  approach  the  zenith.  The 
rays,  by  the  effect  of  perspective,  would  be  gradually  shortened  ;  the  thick- 
ness of  the  arc,  which  presented  thus  the  appearance  of  a  larger  zone  of 
parallel  rays,  could  be  estimated ;  then  the  vortex  of  the  bow  would  reach 
the  magnetic  zenith,  or  the  point  to  which  the  south  pole  of  the  dipping 
needle  is  directed.    At  that  moment  the  ravs  would  be  seen  in  the  direction 

m 

of  their  feet.  If  they  were  coloured,  they  would  appear  as  a  large  red  band, 
through  which  the  green  tints  of  their  superior  darts  could  be  distinguished ; 
and  if  the  wave  of  light  above  mentioned  pass  along  them,  their  feet  would 
form  a  long,  sinuous,  undulating  zone ;  while  throughout  all  these  changes 
the  rays  would  never  suffer  any  oscillation  in  the  direction  of  their  axis,  and 
would  constantly  preserve  their  mutual  parallelisms.  In  the  meantime  new 
arcs  are  formed,  either  commencing  in  the  same  diffuse  manner,  or  with 
perfectly  formed  and  very  vivid  rays.  They  succeed  each  other,  passing 
through  nearly  the  same  .phases,  and  arrange  themselves  at  certain  distances 
from  each  other.  As  many  as  nine  have  been  counted,  forming  as  many 
bows,  having  their  ends  supported  on  the  earth,  and  in  their  arrangement 
resembling  the  short  curtains  suspended  one  behind  the  other  over  the 
scene  of  a  theatre,  and  intended  to  represent  the  sky.  Sometimes  the  in- 
tervals between  these  bows  diminish,  and  two  or  more  of  them  close  upon 
each  other,  forming  one  large  zone,  traversing  the  heavens,  and  disappearing 
towards  the  south,  becoming  rapidly  feeble  after  passing  our  zenith.  If  we 
can  picture  to  our  imagination  all  these  vivid  rays  of  light  issuing  fortVi 
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■ith  splendour,  and  VMying  coDUnaill}-  ud  mddoilj  in  thai  length  . 
irighlncH,  coloured  >t  intcmb  with  baantirDl  red  lud  gteen  ticti,  i 
vnv«a  of  ligbt  nndulatiiig  orer  tbtm,  the  whde  flnnament  pnmting 


immense  snd  magnilicant  dome  of 
supplied  by  tha  ground,  which  its 
calm  Bud  black  as  a  oitchy  lake,  s> 


osiiig  on  the  anow-cover^  t 
as  a  dacEling  frame  tar  ■ 
nay  be  obtained  of  the  spin 


spectacle  which  la  preseuttd  to  him  who  witnesses  for  the  flrat  time 
aurora  in  the  Bay  of  Alten.' 

Figs.  7B,  73,  74,  75  may  BerreaflrepreBentationBof  some  ofthephenoic 
above  described.    Tbey  are  copied  from  engravings  in  U.  I^ttln's  Memc 

During  the  winter  of  1838-9,  between  September  1838 
April  l839,M.  Lottioobserred  no  leaa  than  143  auroras  in  the) 
of  Alten.  They  were  moat  frequent  during  the  period  while 
sun  remtuned  below  the  horizou — that  is,  from  the  17th  of  NoT' 
her  to  the  zjth  of  January.     During  these  uighta  he  observed 
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auroral,  without  couDtiiig  those  wMch  were  rendered  nearly  in- 
visilDle  by  a  clouded  shy,  the  preeonce  of  which  was  indicatfid  by 
the  diBturbance  of  the  mngaetic  needle. 


It  IB  Tery  rarelj  that  an  aurora  ia  obaerTed  complete  in  any  bat 
the  Qorthem  regions.  Somedmea  the  bow  id  either  incomplete  in 
ilself,  or  is  divided  into  several  points ;  et  other  times  the  light  i- 
intercepted  by  clouds,  which  modify  both  the  colour  and  the  depth 


of  tlie  bordeis.  Many  other  circmiistftncea  concur  in  interfering  in 
^Brians  way*  with  it«  r^ular  foncfttion. 

The  aurora  borealis  ia  seldom  seen  in  perfeetiott  in  this  country. 
^  October  1792,  Dr.  Dalton  witnessed  one  which  he  watched 
vith  great  attention,  and  of  which  he  has  fumiahed  the  following 
*«oniit  (Mateorologkid  Euaye) : — 

*  Attention  wu  &T»t  excited  by  a  remarkably  red  appearance  of  the  clouds 
**  the  louth,  which  afiarded  sufGdeat  light  to  read  by  at  eight  o'clock 
ta  the  eventag,  though  there  was  no  moon  or  light  in  the  north.  From 
^■Itput  nine  to  tm  there  was  a  large  luminona  horizontal  arch  to  the 
■"■Umtrd,  and  Beveral  faint  concentric  archpe  northward.  It  was  parlicn- 
"rtj  notieed  that  all  the  wchea  seemed  eiacUy  bisected  by  the  plane  of  the 
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niafrnctic  meridian.  At  half-past  ten  o'clock  atreamers  appealed,  veiT  Inr 
in  the  south-east,  running  to  and  fro  from  west  to  east ;  they  inaeased  ii 
iiuinl>er,  and  began  to  approach  the  zenith  apparently  with  an  acceleratod 
velocity,  when  all  on  a  sudden  the  whole  hemisphere  was  covered  vith 
them,  and  exhibited  such  an  appearance  as  passes  all  description.  The 
intensity  of  the  light,  the  prodigious  number  and  volatility  of  the  betiii% 
the  grand  admixture  of  all  the  prismatic  coloon  in  their  utmost  splendno^ 
variegating  the  glowing  canopy  with  the  most  luKuriant  and  enchanting 
scenery,  aiforded  an  awful,  but  at  the  same  time  the  most  pleasing  and  sab- 
lime,  spectacle  in  nature.  Every  one  gazed  with  astoniahmoit^  but  the 
uncommon  grandeur  of  the  scene  only  lasted  one  minute ;  the  variety  d 
colours  disappeared,  and  the  beams  lost  their  lateral  motion  and  wve  on- 
verted  into  the  flashing  radiations.  Notwithstanding  the  caddennesBOf  the 
cflulgence  at  the  breaking  out  of  the  aurora,  there  was  a  remarkaUe 
rcfrularity  in  the  manner.  Apparently  a  ball  of  fire  ran  along  fimm  eastto 
west,  with  a  velocity  so  great  as  to  be  barely  distinguishable  from  one  con- 
tinued train,  which  kindled  up  the  several  rows  of  beams  one  after  anotho; 
These  rows  were  situated  before  ^ach  other  with  the  exactest  order,  so  that 
the  base  of  each  row  formed  a  circle,  crossing  the  magnetic  meridian  at  ri^t 
angles ;  and  the  several  circles  rose  one  above  another,  so  that  those  near 
the  zenith  appeared  more  distant  from  each  other  than  those  near  the 
horizon — a  certain  indication  that  the  real  distances -of  the  rows  wereneailj 
the  same.  The  aurora  continued  for  several  hours.  There  were  many 
meteors  (falling  stars,  as  they  are  commonly  called)  seen  at  the  same  time ; 
but  they  appeared  to  be  below,  and  unconnected  with  the  aurora.' 

"VNTiether  the  *  magnetic  storms '  manifested  by  auroral  display 
share  with  electric  storms  the  phenomena  of  sound  as  well  as  of 
light,  appears  doubtful.    Naime,  Oavallo,  and  Heame  at  the  mouth 
of  the  Copper  Mine  River,  and  Henderson,  in  Iceland,  each  heard 
*  hissing   sounds,*  which  they  regarded  as  connected  with  the 
aurora,  but  which  Wentzel  attributed  to  the  contracting  of  the 
snow  from  the  sudden  increase  of  cold.    Parry,  Franklin,  and 
Richardson,  who  have  seen  thousands  of  auroras  in  different  parts 
of  the  world,  never  heard  any  noise.    The  height  of  the  aurora  is 
likewise  an  uncertain  point,  the  results  of  different  measurements 
giving  heights  varying  from  a  few  thousand  feet,  to  several  miles. 
The  most  nrodem  observers  seem,  however,  disposed  to  place  the 
seat  of  the  phenomena  not  at  the  limits  of  the  -atmosphere  but  in 
the  region'of  the  clouds,  and  they  even  believe  that  the  rays  of 
the  aurora  may  be  moved  to  and  fro  by  winds  and  currents  of 
air. 

Faraday  has  thrown  out  the  idea  that  aurora  may  be  connected 
with  currents  of  electricity  induced  by  the  earth's  rotation.  He 
says  {Ex,  Research,  p.  192)  : — 

*  I  hardly  dare  venture,  even  in  the  most  hypothetical  form,  to  ask  whether 
the  aurora  borealis  and  australis  may  not  be  the  discharge  of  electricity 
thus  urged  towards  the  poles  of  the  earth,  from  whence  it  is  endeavour- 
ing to  return  by  natural  and  appointed  means  above  the  earth  to  the 
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qoatorial  regions.  The  non-occurrence  of  it  in  very  high  latitudes  is  not 
A  all  against  this  supposition  ;  and  it  is  remarkable  that  Mr.  Fox,  who  ob- 
lerved  the  deflections  of  the  magnetic  needle  at  Falmouth,  by  the  aurora 
lorealis,  gives  that  description  of  it  which  perfectly  agrees  with  the  present 
riew.  He  states  that  all  ^e  variations  at  night  were  towards  the  east ;  and 
this  is  what  would  happen  if  electric  currents  were  setting  from  south  to 
Dorth  in  the  earth  under  the  needle,  or  from  north  to  south  in  spheres 
above  it.' 

(58)  Be  la  SlTe'a  Tbeory  of  the  Anrora. — {Phil  Mag.f 
vol.  xxxiv.  p.  286).    It  is  founded  on  the  following  considerations : 
— ^Atmospheric  electricity  has  its  origin  in  the  unequal  distribution 
of  temperature  in  the  strata  of  the  atmosphere ;  positive  electricity 
proceeds  from,  the  hot  part  of  a  body  to  the  coldj  negative  electricity 
moves  in  the  contrary  direction ;  hence  the  lower  column  of  the 
atmosphere  is  constantly  negative,  and  the  upper  column  positive. 
The  difference  is  more  marked  in  our  latitudes  in  summer  than  in 
winter,  and  more  striking  in  general  in  the  equatorial  than  in  the 
polar  regions.    The  negative  state  of  the  lower  colunm  is  commu- 
nicated to  the  earth  on  which  it  rests,  and  l^us  positive  electricity 
increases-with  the  height  of  the  atmosphere. 

The  opposite  electrical  states  of  the  upper  and  lower  regions  of 
the  air  undergo  neutralisation  when  the  tension  reaches  a  certain 
degree  of  energy,  by  humidity,  rain,  snow,  &c.  De  la  Rive  con- 
ceives that  at  the  polar  regions  the  positive  electricity  of  the 
atmosphere  combines  readily  with  the  negative  there  accumulated 
on  the  earth,  because  of  the  great  humidity  of  the  air  in  those 
regions  a  currcTit  is  thus  formed ;  for  the  electricity  returns  by  the 
surface  of  the  earth  from  the  poles  to  the  lower  portion  of  the 
stratum,  from  whence  it  started.  The  current  is  from  south  to 
north. in  the  upper  regions  of  the  atmosphere,  and  from  north  to 
south  on  the  eurface  of  the  earth.  The  same  takes  place  in  both 
hemispheres ;  consequently  for  an  observer,  travelling  from  north 
to  south,  the  current  would  proceed  in  the  same  direction  from 
the  north  pole  to  the  equator,  and  in  a  contrary  direction  from  the 
equator  to  the  pole. 

The  aurora  borealis  M.  de  la  Hive  considers  to  be  the  luminous 
efiects  of  these  currents  travelling  in  these  high  regions  towards 
the  north  pole,  and  thus  explains  the  phenomena.  When  the  sun, 
having  passed  into  the  southern  hemisphere,  no  longer  heats  so 
much  ow  atmosphere,  a  condensation  of  moisture,  in  the  form  of 
ice  or  snow,  takes  place  around  the  polar  regions,  and  electricity  is 
hereby  conducted  to  the  surface  of  the  earth  in  the  form  of  electric 
discharges.  When  clouds  are  partial,  IiaJos  are  formed.  The 
identity  (he  observes)  between  the  light  of  the  aurora  and  electric 
light  is  proved  by  well-known  experiments.     The  light  produced 
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by  the  electric  discharge  is  highly  rarefied,  but  purely  dry  mt  ii  * 
very  faint ;  the  luminous  effect  is,  however,  greatly  increased  when  ^ 
moisture  is  present.  ^ 

The  reason  why  these  phenomena  appear  at  the  magnetic  and  ^. 
not  at  the  terrestrial  pole,  is  illustrated  experimentally  by  Be  1ft  ^^ 
Rive  in  the  following  manner :  —  5 

Place  the  pole  of  a  powerful  electro-magnet  underneath  the  Bor&oe  of    ^ 
mercury,  coimccted  with  the  negative  pole  of  a  powerfol  galvanic  battery, 
bring  over  and  near  it  the  positive  pole  armed  with  a  charcoal  point,  a     I 
voltaic  arc  is  formed,   and  the  mercury  is  agitated  above  the  magnet;     ,1 
luminous  currents  rotate  round  the  pole,  throwing  out  occasionally  brilliant     , 
rays.    There  is  always,  as  in  the  case  of  the  aurora  borealis,  a  dark  p<^oii     ' 
in  the  form  of  a  circular  point  over  the  pole  of  the  magnet    With  a  con- 
tinuous current  of  an  ordinary  electricity  arriving  at  the  pole  of  a  pow«rftil     J 
electro-magnet  in  moist  rarefied  air,  luminous  effects  still  more  similar  to 
those  of  the  aurora  borealis  are  obtained.    These  phenomena  result  from  the 
action  of  magnets  on  currents,  and  the  same  should  apply  to  the  action  of 
the  magnetic  pole  of  the  earth. 

(59)  Tbe  Anrora  a  Kaffnetlc-  Pbenomenon. — ^Recent  ex- 
periments have  failed  to  show  a  connection  between  polar  light 
and  atmospheric  electricity,  since  during  the  finest  aurorse  no 
change  has  been  detected  in  very  sensitive  electrometers.  On  the 
other  hand  (observes  Humboldt)  all  the  three  manifestationg  of 
terrestrial  magnetism — the  declination,  the  inclination,  and  force — 
are  afiected  in  a  very  sensible  manner,  the  same  end  of  the  needle 
being  sometimes  attracted  and  sometimes  repelled  in  the  course 
of  the  same  night. 

The  luminous  phenomenon  is  regarded  by  Humboldt  as  the 
restoration  of  the  equilibrium  temporarily  disturbed  ;  the  termina- 
tion of  a  magnetic  storm  and  the  effect  of  the  needle  varies  with 
the  intensity  of  the  discharge.  The  aurora  is  not  to  be  regarded 
as  the  cause  of  the  magnetic  perturbation,  but  as  the  result  of  a 
state  of  '  electric  activity '  excited  to  the  production  of  a  luminous 
phenomenon ;  an  activity  which  manifests  itself  on  the  one  hand 
by  the  fluctuations  of  the  needle,  and  on  the  other  by  the  appear- 
ance of  a  brilliant  auroral  light. 

A  great  difference  between  an  dectHcal  and  a  magnetic  storm 
is,  that  the  former  is  usually  confined  to  a  small  space,  beyond 
which  the  state  of  the  electricity  in  the  atmosphere  remains  un- 
changed ;  the  latter,  on  the  other  hand,  manifests  its  influence  on 
the  march  of  the  needle  over  large  portions  of  continents,  and  fiar 
from  the  place  where  the  evolution  of  light  is  visible.  '  That  the 
aurora,'  says  Humboldt, '  is  a  magnetic  phenomenon  has,  by  Fara- 
day's brilliant  discovery  of  the  evolution  of  light  by  the  action  of 
magnetic  forces,  been  raised  from  a  mere  conjecture  to  an  experi- 
mental  certainty.    The  fact  which  gives  \o  1i>M>  ^enoxawasya.  \\a 
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greatest  importance  is  that  the  earth  becomes  8elf4umin<m8 ;  that 
liesides  the  light  which  as  a  planet  it  receives  from  the  central 
'body,  it  shows  a  capahility  of  sustaining  a  luminous  process  proper 
to  itself,  and  this,  going  on  almost  uninterruptedly  in  the  polar 
legions,  leads  us  by  analogy  to  the  remarkable  phenomenon  pre- 
sented by  Venus  when  the  portion  of  that  planet  not  illumi- 
nated by  the  sun  is  seen  to  shine  with  a  phosphorescent  light  of 
its  own.' 

(60)  Action  of  Atmosptaeric  Zleotiiclty  on  the  VTlres  of 
file  Bleotric  Telegrrapli. — According  to  the  observations  of  Pro- 
fessor Henry,  of  Philadelphia  (PhU,  Mag.,  vol.  xxx.  p.  186),  the 
wires  of  the  telegraph  are  struck  by  a  direct  discharge  of  light- 
ning, which  is  seen  coursing  along  the  wire  in  a  stream  of  light, 
sometimes  passing  with  explosions  resembling  the  reports  of  rifles 
down  the  poles  in  succession.  These  lateral  explosions  are  referred 
to  the  chi^ge  of  the  surface  of  the  wire,  by  a  wave  of  the  fluid, 
during  the  transmission  of  the  electricity,  which  tends  to  give  off 
sparks  to  neighbouring  bodies  like  the  conductor  of  a  machine. 
The  discharge  £rom  the  clouds  does  not  generally  consist  of  a 
simple  wave  of  electricity,  but  of  a  number  of  discharges  in  rapid 
succession  along  the  same  path,  whence  the  wire  of  a  telegraph  is 
capable  of  transmitting  an  immense  quantity  of  the  fluid  thus  dis- 
tributed over  a  great  length  of  the  conductor.  Henry  thinks  that 
when  the  discharge  takes  place,  a  disturbance  of  the  electrical 
plenum  existing  throughout  all  electrical  space  occurs,  the  state  of 
rest  being  attained  by  a  series  of  diminishing  oscillations  or  waves,' 
which  by  their  reflections  enhance  the  tendency  of  the  fluid  to  fly 
Horn,  the  conductor. 

The  natural  state  of  the  tel^aph  wire  may  be  disturbed  with- 
out the  presence  of  a  thunder-cloud,  by  the  passage  of  currents  of 
electricity  from  one  portion  of  space  to  another,  the  electrical  con- 
dition of  the  atmosphere  surrounding  the  wire  at  one  place  being 
different  from  that  at  another.  A  difference  of  elevation  will  do 
this,  as  kite  experiments  abundantly  testify,  so  that  if  the  line  of 
teleg^ph  pass  over  an  elevated  mountain  ridge,  there  will  be  con- 
tinually, even  during  clear  weather,  a  current  from  the  more 
elevated  to  the  lower  points  of  the  conductor.  Vapour,  fog,  snow, 
or  rain  at  one  end  of  the  wire,  and  not  at  the  other,  may  likewise 
determine  currents  of  electricity  of  sufficient  power  to  set  the 
working  machine  of  the  telegraph  in  action.  The  natural  elec- 
tricity of  the  telegraph  wire  may  even  be  disturbed  by  the  induc- 
tion of  a  distant  cloud  moving  first  towards  and  then  from  the 
wire,  though  such  currents  would  be  feeble. 

A  fruitful  source  of  disturbance  of  the  needle  is  the  powerful 
currents  produced  by  induction  by  flashes  of  lightning  occun'ing 
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perhapB  man;  miles  off.    Thai,  dischargpea  from  electricity  accnmtt-  ' 

latod  in  the  Leyden  jftr'are  competent  to  induce  sacoadaiy  and  ' 

even  tertiarj  and  quateruarj  currenta  in  vicinal  condacton,  ii  ', 

dsmonatrated  by  tbe  following'  esperiment,  first  made  by  Proftaaor  , 

Round  ■  hollow  gloss  cjlinder,  o  (Fig.  76),  of  aboat  six  inches  in    ■ 
dUmeter,  Is  pasted  gpiiiilly  a,  narrow  ribboo  of  tie  foil  about  thirty  tut    ' 
loDg,  imd  a  aimilat  libbon  of  the  esme  length  is  pasted  oathe  inside,  ao  that 
the  conesponding  spires  of  eacbaie  directly  oppoBite  each  otlier.    Tbe  ends 
of  the  inner  Bpiial  pass  out  of  the  cylinder  throngh  a  gluas  tube,  in  order  to 
prevent  all  direct  comn-unication  between  the  two.    When  the  ends  of  the 
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inner  ribbon  are  joined  by  the  niagnetiaing  spirals,  containing  a  needle,  and 
a  dischaiga  from  a  half-gallon  jar  ia  sent  through  fhe  ouleiiibban,  the  needle 
is  strongly  magnetised  in  sach  a  manner  aa  to  indicate  an  indu<»d  current 
through  the  inner  ribbon  in  the  aanu  direcHon  as  that  of  the  ettrrent  of  the 
jar.  If  a  second  CT'Under,  similarly  prepared,  bo  added,  a  liriiaiy  current  U 
induced  in  the  inner  ribbon  cf  the  second  ;  and  by  the  addition  of  a  third 
cylinder,  a  current  of  tbe  fourth  order  may  be  developed. 

Another  inatnictive  method  of  demoHStratiog  tbe  development 
of  secondary  or  induction  currents  hy  the  discharge  of  a  Leyden 
jar  or  battery,  is  the  folbwing,  which  is  the  arrangMnent  of 
Malteucci : — 


A  and  B  (Fig.  77)  arc  discs  of  glass  or  gutta-peteha  fixed  vertically  in 
metallic  fiamea,  and  supported  on  insulated  stands.  They  are  about  a  fbot 
in  diameter.  On  one  face  of  each  is  wonnd  spirally,  commencing  from  the 
cenfrti  a  lonj  and  well-insulated  copper  wire,  about  nne-lenth  rf  an  inch  in 
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I  iiBB0t«;  Ills  «ndi  of  the  vinpftMthniiglittiediie  at  the  centra^ 
I  Id  tbi  ciieiunfaiwiee,  and  tan  thara  tmnfaated  bj  binding  lerawf.  a  is 
I  bnoi^t  into  tiieelimiit  of  fha  jar  «r  battvytbioa^  a  Lane's  diicharger, 
and  tlie  irind  fiwe  of  B  bnvigbt  doee  to  it :  eyeiy  time  the  jar  discliarges,  a 
dwck  of  gnater  or  kii  intODMdtyy  aeoiading  to  the  interral  between  the  diK^ 
isczperianoedbjapenongza^ingtheliandlea  AA.  The  qdiak  should  be 
laid  symmetiioally  on  the  disa^  and  tiie  wire^  after  being  well  oorered  with 
dk,  siioiild  be  thicUj  ooveied  with  gnm  lae. 

Henry  aent  aparka  from  an  electrical  mafthinfl  through  a  pa»l* 
Idogram.  of  about  mxtj  feet  by  thirty  of  copper  wirei  anapended  by 
■Dc  stringB  round  the  oeilisg  of  a  room ;  a  current  waa  induced  in 
a  aecond  dmilar  parallelogram  placed  immediately  below  the  first 
in  a  cellar  of  the  buildingi  tkraugh  two  JfoorBf  and  thirty  feet  dtB" 
tamt,  sufficiently  powerfbl  to  magnetise  needles. 

That  dmilar  e&sts  may  be  produced  by  atmospheric  electricity, 
was  proved  by  soldering  a  wire  to  the  metallic  roof  of  the  house 
and  pasang  the  othsir  end  down  into  a  welL  At  every  flash  of  light* 
ning  a  serifiB  of  currents  in  alternate  directions  was  produced  in 
the  wire.  SpaAs  hare  indeed  been  seen  on  the  railroad  itself,  at 
the  brealES  of  the  continuity  of  the  rail,  with  eyeiy  flash  of  a  dis- 
tant thunder-cloud.  Erery  disehaige  in  the  heavens  must  therefore 
produce  inductiye  effects  to  a  greater  or  lees  degree  in  the  tele- 
graph wires.  In  the  Telegraph  Office  at  Philadelphia,  Henry 
observed  sparks  passing  from  the  wire  to  a  metallic  siurface  in  cou- 
nection  with  the  earth  through  nearly  an  inch,  during  the  ra<nntr 
of  a  storm  at  Washington ;  such,  indeed,  was  the  quantity  and 
intensity  of  the  current,  that  the  needle  of  an  ordinary  vertical 
galvanometer  with  a  short  wire,  and  not  by  any  means  sensible, 
was  moved  by  it  several  degrees;  its  pungency  was  also  verv 
great.  It  is  well  known  that  small  birds  have  sometimes  been 
found  hanging  by  their  claws  dead  from  the  wire,  having  probably 
been  killed  by  one  of  these  inductive  discharges. 

*More  damage,'  observes  Mr.  Highton  {The  Electric  Telegraph, 
p.  1 1),  *is  often  done  to  the  telegraph  in  a  single  second  by  a  single 
thunderstorm,  than  by  all  the  mischievous  acts  of  malicious  persons 
in  a  whole  year.  Posts  are  split  in  pieces,  coils  of  wire  are  fused, 
needles  are  demagnetised,  and  permanent  magnetism  given  to  soft 
iron  electro-magnets.' 

In  the  year  1846,  the  electric  telegraph  on  the  St.  Germain's 
Railway  was  visited  by  an  attack  of  atmospheric  electricity,  the 
following  account  of  which  was  communicated  by  M.  Breguet  to 
M.  Arago  {Year  Book  of  Facts,  1846)  : — 

*  About  five  o'clock  in  the  afternoon,  during  a  heavy  fall  of  rain,  the  bells 
of  the  electric  telegraph  at  Le  Vesitret  began  to  ring,  which  led  the  at- 
tendant to  suppose  ibat  be  waa  about  to  receive  a  communication.    Sev^iaV 
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letters  then  made  their  appearanoe,  bnt  finding  thej  oonrejed  no  meniiii^ 
he  was  about  to  make  the  signal  **  Ab<  undeniood,"  when  anddenlj  he  hmL  fj 
an  explosion  similar  to  a  loud  pistol-ahoty  and  at  the  aame  time  a  viTid  M 
of  light  was  seen  to  run  along  the  oondncton  placed  against  tilie  sidei  of  tts 
Hhed.  The  conductors  were  broken  into  fragments,  their  edges  being  tuA 
The  wires  of  several  electro-magnets  were  also  broken ;  and  the  attendi^ 
who  was  holding  the  handle  which  moves  the  needle,  sustained  all  onr  As 
l>ody  a  violent  concussion  ;  several  workmen  standing  about  hun  ilso  ex- 
perienced severe  shocks.  At  the  other  end  of  the  line,  at  the  Paris  atitia, 
nothing  was  broken,  and  nothing  remarkable  occurred,  exoeptiDg  thit 
several  of  the  bells  were  heard  to  ring.* 

At  the  Oiindle  Station  of  the  London  and  North- Western  Bttlr' 
way,  considerable  mischief  was  done  in  1846,  several  of  the  eoili 
being  burst  open,  and  the  wires  fiised ;  and  at  the  Ohatham  St»* 
tion  on  the  South-Eastern  Railway,  a  flash  of  lightning  destroyed, 
iu  August  1849,  the  wire  of  the  hell-coil  and  hoth  the  galvano- 
meter coils.  In  India,  which  is  occasionally  visited  with  storms  of 
lij^htuing  such  as  we  seldom  witness  in  this  oountiy,  the  damage 
done  is  often  much  more  severe ;  and  in  America  the  disastKHU 
consequences  resulting  from  the  same  cause  soon  after  the  estaUiah- 
ment  of  the  first  line  of  telegraph  by  Morse,  in  1844,  rendered  it 
imperatively  necessary  to  devise  some  means  for  the  protection  of 
the  wire. 

According  to  the  observations  of  M.  Baumgartner  (JRevue  Sciair 
tifiquej  Dec.  1849),  the  direction  of  the  atmospheric  electric  cunents 
along  the  telegraph  wires  is  from  Vienna  to  Sommering  during 
the  day,  and  inverse  during  the  night,  the  change  of  direction 
taking  place  after  the  rising  and  setting  of  the  sun.  The  regular 
current  is  less  disturbed  by  irregular  currents  when  the  air  is  dry 
and  the  sky  serene  than  when  the  weather  is  rainy,  and  the  current 
is  more  intense  with  short  than  with  long  conductors.  When  the 
sky  is  cloudy  and  the  weather  stormy,  currents  are  observed  suffi- 
ciently intense  to  affect  the  telegraphic  indicators,  and  the  action 
is  stronger  on  the  approach  of  a  storm. 

Mr.  Barlow  has  also  made  some  curious  observations  on  the 
direction  of  the  disturbance  of  the  telegraph  needle.  He  found 
{Phil.  Mag.y  vol.  xxxiv.  p.  344)  that  in  telegraphs  proceeding 
northerly  and  north-easterly,  i.e.  from  Derby  N.  towards  Leeds, 
and  from  Derby  NE.  towards  Lincoln,  the  direction  of  the  dis- 
turbance was  always  contrary  to  those  proceeding  southerly  and 
80uth-we{*terly,  e.g.  from  Derby  S.  towards  Rugby,  and  from 
Rugby  SW.  to  Birmingham.  He  found  currents  at  all  times 
perceptible  in  telegraph  wires  between  two  earth  conductors,  but 
not  so  if  the  wires  have  no  earth  connection  ;  that  the  changes  ot 
force  and  direction  were  simultaneous  at  both  ends  of  a  wire  fortv 
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miles  long,  the  current  passing  direct  from  one  earth  connection  to 
the  other;  that  there  is  a  daily  movement  of  the  galvanometer 
needle,  similar  to  that  of  the  horizontal  magnetic  needle,  produced 
by  the  electric  currents  travelling  in  one  direction  from  8  a.m.  to 
8  F.1C.,  and  returning  in  the  opposite  direction  during  the  remainder 
of  the  twenty-four  hours;  the  movement  of  the  galvanometer 
needle  heing  subject  to  disturbances  which  are  the  greatest  during 
the  prevalence  of  awrorcB ;  that  the  direction  in  which  these  cur- 
lents  alternate  is  from  NE.  to  SW.,  the  effect  not  depending  on 
the  direction  of  the  wire  itself,  but  on  the  relative  direction  of  the 
two  earth  connections. 

Barlow  made  simultaneous  observations  with  the  galvanometer 
and  a  declinometer  needle,  from  which  it  appeared  that,  taking  the 
mean  of  many  observations,  that  part  of  the  day  in  which  the  cur- 
lent  flows  S.  (i.e.  from  8  or  9  a.h.  till  evening)  the  variation  of 
the  declinometer  needle  is  W.,  and  that  during  the  night  and 
early  in  the  morning,  at  which  time  the  currents  travel  N.,  the 
variation  is  E.,  also  that  those  large  disturbances  called  magnetic 
Btorms  are  simultaneous  on  both  instruments.  Barlow  attributes 
these  currents  to  thermo-electric  action  in  the  crust  of  the  earth, 
while  De  la  Rive  considers  them  to  originate  in  the  atmosphere. 

The  extraordinary  influence  of  the  aurora  borealis  on  the  needle, 
and  sometimes  even  on  the  bells  of  the  electric  telegraph,  is  thus 
noticed  by  Walker  (Electric  Tdegraph  Manipulation) : — 

'  At  snch  times  needles  move  just  as  if  a  good  working  current  were  pur- 
sning  its  ordinary  course  along  the  wires.  They  are  deflected  this  way  or 
that,  at  times  with  a  quick  motion,  and  changing  rapidly  from  side  to  side 
many  times  in  a  few  seconds ;  and  at  other  times  moving  more  slowly,  and 
remaining  deflected  for  many  minutes,  with  greater  or  less  intensity,  their 
motions  being  inconstant  and  uncertain.  These  phenomena  have  occurred 
less  frequently  on  the  part  of  the  line  between  Eeigate  and  Dover,  which 
runs  nearly  E.  and  W.,  than  on  the  part  between  London  and  Roi^ate,  wliich 
runs  nearly  N.  and  S.  When,  however,  they  do  make  their  appearance  on 
the  telegraph  in  those  parts,  we  are  prepared  to  expect  auroral  manifesta- 
tions when  night  arrives,  and  we  are  rarely  disappointed.  The  deflections  in 
their  variations  appear  to  coincide  with  the  various  phases  of  the  aurora. 
On  the  branch  Ihie  running  from  Ashford  to  Ramsgatc,  these  deflections 
have  been  a  much  more  common  occurrence,  even  when  the  parts  of  the 
line  were  unaffected,  and  when  no  auroral  phenomena  were  noticed.  This 
branch  nearly  coincides  with  the  curve  of  eqiuil  dip.  A  dipping  needle  in- 
clines downward  to  the  same  angle  at  all  places  along  this  curve.  Whether 
there  is  any  relation  between  these  two  facts  remains  to  be  investigated. 
.  .  .  The  needles  are  also  subject  to  feeble  secular  deflections  corresponding 
with  certain  hours  of  the  day.  The  wires  also  at  times  collect  electricity 
from  the  atmosphere  and  aflect  the  needles.' 

In  France  two  brilliant  auroras  occurred  on  the  29tb  of  August 
and  on  the  ist  of  September  1859  J  ^*^  acted  powerfully  on  the 
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■wiiea  oi  the  electric  telegraph ;  the  alarums  were  for  a  long  time 
violently  rung,  dad  deepatchea  were  froquentij  interrupted  by  tlie 
spoDtaneoua  worMng  of  the  apparatus. 

(6t)  VsrstaniMTres  or  iLlsbtiiliir  Condnetora  fltr  a* 
ProMctton  ot  Telecrapb  Klnea. — Various  forms  of  conductor 
have  been  invenied  and  adopted.  Mr.  Ilighton's  plan,  which  he 
etates  1o  be  ver;  effectual,  is  very  simple.  The  wire  is  surrounded 
for  six  or  eight  inches  before  it  enteis  a  telegraph  instrument  with 
Wbnloua  or  blotting  paper,  and  paasea  through  a  deal  box  lined 
with  tin  plate  in  connection  with  the  aarth — the  box  ia  then  filled 
with  iion  fitinga.  When  a  flash  of  lightning  happens  to  be  inter- 
cepted by  the  wires  of  tiie  telegraph,  the  myriads  of  infinitesimally 
line  points  of  metal  in  the  filinga  aurroundiug  the  wire  and  having 
connection  with  the  earth,  at  once  draw  off  the  whole  charge  of 
lightning  and  direct  it  to  the  earth,  and  thua  the  telegraph  inttra- 
ineut  will  be  piotected  from  damage,  even  during  the  moat  fearfiil 
thunderstorms  that  may  occur. 

Mr.  0.  V,  Walker'a  '  protector '  conMsta  of  a  email  hollow  metal 
cylinder  connected  with  the  earth.  The  line  wire  in  its  passage 
from  the  railway  to  the  telegraph  pusses  through  this  cylinder, 
traversing  which  it  ia  flrat  presented  to  the  inner  surface  in  the 
form  of  a  thick  wire  furnished  with  spurs  whose  points  are  in  the 
closest  possihle  proximity  to  the  cylinder  without  being  in  actual 
contact ;  it  is  then  continued  on  and  presented  as  a  short  coil  of 
very  tine  wire  wound  on  a  bobbin,  the  outer  convolution  of  tlie  coil 
being  very  close  to  the  cylinder- 
own  in  Fig.  78.  Thelinewireisattachedatc,  the 
ind  there  is  a  complele  motsDic  connection  between  these 
points  to  the  screw  t,  and  the  very  fine  wire  wound 
on  3 ;  A  ia  a  cjliaJer  of  trass,  insulated  from  the  line 
wire  by  boxwood,  tmd  in  cDmmunicatii'n  nith  the 
lailb  at  K.  The  metal  points  at  fx  y  allow  the  ■!- 
mispheric  electricity  t«  escape  to  the  outer  cylinder, 
and  so  to  the  earth,  while  the  very  fine  wire  ting 
must  be  fused  before  the  coarser  wire  in  the  instm- 
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dlachaiga  itedf  by  then  pointi  to  the  eaith  ;  end  in  the  event  of  &  1 
lightning  striking  the  line  wire,  Che  tbin  viro  a  would  be  Aued,  w 
teh^aph  initinmeDt  protected. 


On  the  Brnnswick  State  Telegraphs,  the  maui  wire,  well  pro- 
tected by  gutta-percha,  is  poased  through  pipes  trndergroond,  and 
fastened  to  a  copper  [Qata  in  the  telegroph-room.  From  this  plate 
B  small  insulated  wire  is  extended  to  the  ugualling  instrument, 
and  thiough  the  battery  te  a  second  copper  plate  io  connection 
with  the  earth.  The  two  copper  plates  are  insulated  from  each 
other  bj  [oeces  of  ivory.  The  two  thin  wires,  wfaiirh  are  covered 
with  ^Ik,  are  twisted  together,  but  separated  near  the  telegraph 
appaiatus,  to  the  screws  of  wbidi  tbe  j  are  attached.  The  galvanic 
enrrent  pasaes  through  the  mdn  wire  to  the  firet  plate,  through 
the  thin  wire  to  the  apparatus  and  electro-magnet,  through  this 
to  the  galvanic  battery  and  the  second  plate,  oyer  this  to  a  stronger 
insulated  wire  to  the  ground,  maldng  a  perfect  circuit.  But  a 
discharge  of  atmOBpheric  electricity  would  pass  between  the  two 
copper  plates  rather  than  through  long  thin  wires,  and  the  tele- 
graphic apparatus  is  thus  efibctually  protected. 
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brass  plates  in  Fig.  80  are  about  a^  inches  in  diameter,  and  ^  inch  thidL; 
they  are  insulated  from  one  another  by  strips  of  gattar-percha.  The  v^ 
plate  is  in  connection  with  the  ine  wire  and  the  instrument  by  means  of  ^ 
two  terminals  a  h.  The  lower  plate  is  in  oommonicatioa  with  the  etrtk 
If  lightning  enters  the  station  by  the  line  wire,  it  leaps  to  the  lower  plate 
and  passes  to  the  earth,  and  the  instruments  are  in  safely.  The  instramoBt 
shown  in  Fig.  81  acts  as  a  communicator  as  well  as  a  lightning  protector. 
By  means  of  the  metal  plug  c,  and  the  holes  124,  the  line  wire  00  eitbs 
or  both  sides  of  the  station  can  be  put  in  connection  with  the  earth,  «ri 
thorough  passage  can  be  opened  to  the  current  without  its  inflnendng  the 
instrument  at  the  station,  by  placing  the  plug  at  3.  This  will  he  evidflit 
from  the  figure,  the  plate  l  q  f  being  in  connection  with  the  line  win 
entering  one  side  of  the  station  and  one  terminal  of  the  instroment,  ind 
l'  v^  f"  being  connected  with  the  other  side  of  the  instrument,  and  the  other 
line  wire  p  b  p,  insulated  from  these  plates  by  a  strip  of  paper,  is  m  con- 
uection  with  the  earth ;  u  also  is  connected  with  the  earth. 

(62)  iviiat  la  Atmospberie  Bleotrl^ityf — Is  it  electiidtjof 
the  earth,  op  electricity  of  the  air,  op  electricity  of  wateiy  or  otiier 
particles  in  the  air  ? 

Professop  Thomson  (Proceedings  of  the  RoycH  Instittttion,  May 
18,  i860)  does  not  agree  with  Peltier  in  regarding  the  earth  as  a 
resinously  charged  conductor  insulated  in  space,  and  subject  only 
to  accidental  influences  from  teoiporary  electric  deposits  in  clouds 
or  air  around  it ;  because,  although  it  is  true  that  in  severe  weather 
the  earth's  surface  is  generally  found  to  be  negatively  electrified, 
and  although  the  earth  is  insulated  in  its  atmospheric  envelope, 
being  in  fact  a  conductor  touched  only  by  air  (a  strong  insulator), 
it  is  to  be  remarked  that  air  when  highly  rarefied  becomes  weak  in 
its  resistance  to  the  transference  of  electricity  through  it,  and  begins 
to  appear  rather  as  a  conductor  than  as  an  insulator,  so  that  at  a 
distance  of  one  hundred  miles  or  upwards  from  the  earth's  sur&ce, 
the  air  in  space  cannot  in  jbM  probability  have  resisting  power 
enough  to  bear  any  such  electric  force,  as  those  which  we  find  even 
in  serene  weather  in  the  lower  strata,  and  there  must  always  be 
essentiaUy  in  the  higher  aerial  regions  a  distribution  arising  from 
the  self-relief  by  the  outer  highly  rarefied  air  by  disruptive  dis- 
charges. 

Thomson  considers  that  this  electric  stratum  must  constitute 
very  nearly  the  electropolar  complement  to  all  the  electricity 
that  exists  on  the  earth's  surface,  and  in  the  lower  strata  of  the 
atmosphere. 

The  quality  of  non-resistance  to  electric  force  of  the  thin  inter- 
planetary air  being  considered,  the  earthy  its  atmoy>here,  and  the 
surrounding  medium  may  be  regarded  as  constituting  respectively 
the  inner  coating,  the  dielectriCf  and  the  outer  coating  of  a  large 
Leyden  phial  charged  negatively. 
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The  methods  employed  for  collecting  atmospheric  electricity 
(burning  match,  dropping  water),  give  the  *  electric  potential^  of  the 
UT  at  the  point  occupied  by  the  burning  match  or  by  the  portion 
of  the  stream  of  water  where  it  breaks  into  drops.  If  the  apparatus 
be  used  in  an  open  plane,  and  if  care  be  taken  to  eliminate  all  dis- 
tuxHiig  influences,  the  effect  as  indicated  by  the  electrometer,  if 
expressed  in  absolute  electrostatic  measure,  and  divided  by  the 
height  of  the  point  tested  above  the  ground,  has  only  to  be  divided 
by  four  times  the  ratio  of  the  circumference  to  its  diameter  to 
reduce  it  to  an  expression  of  the  number  of  units  in  absolute  electro- 
static measure  of  the  electricity  per  unit  of  area  of  the  earth's 
surface  at  the  time  and  place. 

The  most  convenient  and  intelligible  way  of  stating  the  result 
of  an  observation  of  terrestrial  atmospheric  electricity  in  dbsolvite 
meaaure  is  in  the  terms  of  a  number  of  elements  of  a  constant 
galvanic  battery  required  to  produce  the  same  difference  of  poten- 
tials as  exists  between  the  earth  and  a  point  in  the  air  at  a  stated 
height  above  an  open  level  plane  of  ground. 

Attempts  have  been  made,  hitherto  without  success,  to  determine 
whether  the  particles  of  rain,  hail,  and  snow  in  falling  through  the 
air  possess  absolute  charges  of  electricity ;  but  Thomson  thinks 
that  by  proper  attention  to  insulation,  and  taking  proper  means  to 
obviate  the  disturbing  influences  of  induction,  these  interesting 
questions  may  be  solved. 

There  can  be  no  doubt  that  electric  indications)^  when  suf- 
ficiently studied,  will  be  found  important  additions  to  "b^r  means 
for  prognosticating  the  weather.  Prior  Ceca,  in  1775,  g^e  the 
following  reply  to  a  question  put  to  him  by  Beccaria,  concerning 
the  state  of  electricity  when  the  weather  clears  up : — 

*  If,'  said  the  Prior,  *  when  the  rain  has  ceased,  strong  positive  electricity 
obtains,  it  is  a  sign  that  the  weather  will  continue  fair  for  several  days  ;  if 
the  electridty  is  but  small,  it  is  a  sign  that  such  weather  will  not  last  so 
much  as  that  whole  day,  and  that  it  will  soon  be  cloudy  again,  or  even  will 
again  rain.' 

This  rule  as  to  the  ^  electricity  of  clearing  weather '  has  been 
found  frequently  confirmed  by  Professor  Thomson,  and  he  looks 
forward  to  an  early  period  when  the  atmospheric  electrometer  will 
be  as  generally  adopted  as  a  useful  and  convenient  weather- 
glass. 

*  In  fair  weather  the  surface  of  the  earth  is  always,  in  these  countries  at 
all  events,  found  negatively  electrified.  Now  the  limitation  to  these  coun- 
tries that  I  have  made  suggests  a  point  for  the  practical  telegraphists  all 
over  the  world.  Let  us  know  whether  it  is  only  in  England,  France,  and 
Italy  that  in  fine  weather  the  earth's  surface  is  negatively  electrified.    The 
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only  cose  of  exception  on  record  to  thb  statement  ia  "BtoHtnat  Piazzi 
Smyth's  observations  on  the  Peak  of  Teneriffe.  There,  daring  several 
months  of  perfectly  fair  weather,  the  surface  of  the  monntain  was,  if  the 
electric  test  applied  was  correct,  positively  electrified ;  bat  Professor  Piaizi 
Smyth  has,  I  believe,  pointed  oat  that  the  observations  mast  not  be  relied 
upon.  The  instrument,  as  he  himself  found,  was  not  satiafiuTtory.  The 
science  of  observing  the  atmospheric  electricity  was  then  bo  much  in  its 
infancy  that,  though  he  went  prepared  with  the  best  instrument,  and  the 
only  existing  rules  for  using  it,  there  was  a  fatal  doubt  as  to  whether  the 
electricity  was  positive  or  negative  after  all.  But  the  fact  that  there  has 
been  such  a  doubt  is  important. 

*  Now  I  suppose  there  will  be  a  telegraph  to  Tenerifle  before  long,  and 
then  I  hope  and  trust  some  of  the  operators  will  find  time  to  climb  the 
Peak.  I  am  sure  that,  even  without  an  electric  object,  they  will  go  up  the 
Peak.  Now  they  must  go  up  the  Peak  with  an  electrometer  in  fine 
weather,  and  ascertain  whether  the  surface  of  the  earth  is  there  positively 
or  necratively  electrified.  If  they  find  that  on  one  fine  day  it  is  negatively 
electrified,  the  result  will  be  valuable  to  science  ;  and  if  on  several  days  it  is 
found  to  be  all  day  and  all  night  negatively  electrified,  then  there  frill 
be  a  very  great  accession  to  our  knowledge  regarding  atmospheric  elee- 
tricity. 

*  When  I  say  the  surface  of  the  earth  is  negatively  electrified,  I  make  a 
statement  which  I  believe  was  due  originally  to  Peltier.  The  more  oomnuni 
form  of  statement  is  that  the  air  is  positively  electrified,  but  this  form  of 
statement  is  apt  to  be  delusive.  Mora  than  that,  it  is  most  delusive  in  maov 
published  treatises,  both  in  books  and  encyclopiedia,  upon  the  subject.  I 
have  in  my  mind  one  encyclopsedia  in  which,  in  the  article  "  Air,  electricity 
of,"  it  is  said  that  the  electricity  of  the  air  is  positive,  and  increases  in 
rising  from  the  ground.  In  the  same  encyclopedia,  in  the  article  "  Elec- 
tricity, atmospheric,"  it  is  stated  that  the  surface  of  the  earth  is  negatively 
electrified,  and  that  the  air  in  contact  with  the  earth,  and  for  some  height 
above  the  earth,  is,  in  general,  negatively  electrified.  I  do  not  say  too 
much,  then,  when  I  say  that  the  statement  that  the  air  is  positively  electiL 
fied  has  been  at  all  events  a  subject  for  ambiguous  and  contradictory  propo- 
sitions ;  in  fact,  what  we  know  by  direct  observation  is,  that  the  surface  of 
the  earth  is  negatively  electrified,  and  positive  electrification  of  the  air  is 
merely  inferential.  Suppose  for  a  moment  that  there  were  no  electricity 
whatever  in  the  air— that  the  air  was  absolutely  devoid  of  all  electric  mani- 
festation, and  that  a  charge  of  electricity  were  given  to  the  whole  earth. 
For  this  no  great  amount  would  be  necessary.  Such  amounts  as  we  deal 
with  in  our  great  submarine  cables  would,  if  given  to  the  earth  as  a  whole, 
produce  a  very  considerable  electrification  of  its  whole  surface.  Well  now, 
if  all  space  were  non-conducting— and  experiments  on  vacuum  tubes  seem 
rather  to  support  the  possibility  of  that  being  the  correct  view — if  all  space 
were  non-conducting,  our  atmosphere  being  a  non-conductor,  and  the  rarer 
and  rarer  air  above  us  being  a  non-conductor,  and  the  so-called  vacuous 
space,  or  the  interplanetary  space  beyond  that  (which  we  cannot  admit  to 
be  really  vacuous),  being  a  non-conductor  also,  then  a  charge  could  be 
given  to  the  earth  as  a  whole,  if  there  were  the  other  body  to  come  and  go 
away  again,  just  as  a  charge  could  be  given  to  a  pith-ball  electrified  in  the 
air  of  this  room.    Then,  I  say,  all  the  phenomena  brought  to  light  by  atmo- 
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spheric  electrometers,  which  we  obserx-e  on  a  fine  day,  would  be  observed 
just  as  they  are.  The  ordinary  observatiou  of  atmospheric  electricity  would 
give  just  the  result  that  we  obtain  from  it.  The  result  that  we  obtain 
every  day  of  fJEur  weather  in  ordinary  observations  on  atmospheric  electricity 
is  precisely  the  same  as  if  the  earth  were  electrified  negatively  and  the  air 
had  no  electricity  in  it  whatever. 

'  I  have  asserted  strongly  that  the  lower  regions  of  the  air  are  negatively 
electrified.  On  what  foundation  is  this  assertion  made  ?  Simply  by  obser- 
vation. It  is  a  matter  of  fact ;  it  is  not  a  matter  of  speculation.  I  find 
that  the  air  which  is  drawn  into  a  room  from  the  outside  on  a  fine  day  is 
negatively  electrified.  I  believe  the  same  phenomena  will  be  observed  in 
this  city  as  in  the  old  buildings  of  the  University  of  Glasgow,  in  the  middle 
of  a  very  densely-peopled  and  smoky  part  of  Glasgow ;  and  therefore  1 
doabt  not  that  when  air  is  drawn  into  this  room  from  the  outside,  and  a 
water-dropping  collector  is  placed  in  the  centre  of  the  room,  or  a  few  feet 
iibove  the  floor,  and  put  in  connection  with  a  sufficiently  delicate  electrometer, 
it  will  indicate  negative  electrification.  Take  an  electric  machine  ;  place  a 
spirit-lamp  on  its  prime  conductor ;  turn  the  machine  for  a  time  ;  take  an 
umbrella,  and  agitate  the  air  with  it  till  the  whole  is  well  mixed  up  ;  and 
keep  turning  the  machine,  with  the  spirit-lamp  burning  on  its  prime 
conductor.  Then  apply  your  electric  test,  and  you  will  find  the  air 
positively  electrified.  Again — ^let  two  rooms,  with  a  door  and  passage 
between  them,  be  used  for  the  experiment.  First  shut  the  door  and  open 
the  window  in  your  observing  room.  Then,  whatever  electric  operations 
you  may  have  been  performing,  after  a  short  time  you  find  indications  of 
D^^tive  electrification  of  the  air.  During  all  that  time  let  us  suppose  that 
an  electHc  machine  has  been  turned  in  the  neighbouring  room,  and  a  spirit- 
lamp  burning  on  its  prime  conductor.  Keep  turning  the  electric  machine 
in  the  neighbouring  room,  with  the  spirit-lamp  as  before.  Make  no  other 
difference  but  this — shut  the  window  and  open  the  door.  I  am  supposing 
that  there  is  a  fire  in  your  experimenting  room.  When  the  window  was 
open  .and  the  door  dosed,  the  fire  drew  its  air  from  the  window,  and  you  got 
the  air  direct  firom  without  Now  shut  the  window  and  open  the  door  into 
the  next  room,  and  gradually  the  electric  manifestation  changes.  And  here 
somebody  may  suggest  that  it  is  changed  because  of  the  opening  of  the  door, 
and  the  inductive  efl^ect  from  the  passage.  But  I  anticipate  that  criticism 
hy  saying  that  my  observation  has  told  me  that  the  change  takes  place 
gradually.  For  a  time  after  the  door  is  opened  and  the  window  closed,  the 
electrification  of  the  air  in  your  experimental  room  continues  negative,  but 
it  gradually  becomes  zero,  and  a  little  later  becomes  positive.  It  remains 
positive  as  long  as  you  keep  turning  the  electric  machine  in  the  other  room 
and  the  door  is  open.  If  you  stop  turning  the  electric  machine,  then,  after 
a  considerable  time,  the  manifestation  changes  once  more  to  negative  ;  or  if 
you  shut  the  door  and  open  the  window  the  manifestation  changes  more 
rapidly  to  negative.  It  is,  then,  proved  beyond  all  doubt  that  the  electricity 
which  comes  in  at  the  windows  of  an  ordinary  room  in  town  is  ordinarily 
negative  in  fair  weather.  It  is  not  always  negative,  however.  I  have  found 
it  positive  on  some  days.  In  broken  weather,  rainy  weather,  and  so  on,  it 
is  sometimes  positive  and  sometimes  negative.* — Sir  William  Thomson. 
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Hagnetic  BmtUsriu — Liwi  of  Hignetic  Farce — TemUriil  HagDetim- 
The  Laud  and  Muioer'a  Compaw— The  iDoUnatioii  and  the  Dednialkic 
UaBnet— The  Tariatiou  of  the  Magoetic  Needle— Tarreatiial  Magnetic 
Inteiuitr — Magnetic  Stomw. 

(65)  Tbe  KatlTe  ■Kkrnot  or  Katarml  X«Kd«taBer 

an  ore  of  iioa  cooBiBting  chiefl  j  of  the  two  oiides  of  that  metal,  iritht 
a  emell  proportion  of  quartz  and  alumuiB.  It  u  foimd  in  connder- 
able  maases  in  the  iioii  mineB  of  Sweden  and  Norway,  and  bs3 
been  met  with  occasionally  ia  the  iron  mines  of  England. 

If  we  immereen  loadstone,  no  matter  of  what  shape,  in  aquao- 
tity  of  clean  iron  filings,  the  filings  will  be  observed  to  accnmultle 
on  two  points  exactly  opposite  each  other,  assamiiig  the  form  showii' 
in  fig.  82 ;  these  points  are  called  the  poles  of  the  loadstone.  If 
we  balance  a  small  needle  of  iron  on  a  pivot,  and  bring  it  nui 
either  of  these  poles,  we  shall  find  that  it  will  be  attracted  to  it; 
OT  conversely,  we  may  suspend  the  loadstone  by  a  fine  fibre,  sod 
bring  into  the  vicinity  of  its  poles  a  piece  of  soft  iron 
will  be  attracted  towards  the  iron. 


Ftes^ 


Tie- tie 


The  power  of  the  native  magnet  is  greatly  increased  by  adapting 
vo  pieces  of  flat  soft  iron  to  its  pedes,  and  enclosing  it  in  a  silver 
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or  braee  ease,  ae  shown  in  Fig.  83,  where  a  is  the  ioadstooe ;  bb 
the  two  piecBB  of  soft  iron,  the  lower  ends  turning  inwarde;  cc  bars 
of  copper  to  lantes  the  londstooe  Id  its  case,  atid  r  a  ring  inserted 
in  the  tap  of  the  box  for  the  purpose  of  guspension, 

(64)  THe  AitlflcfaU  MBKset.— If  a  small  harof  weU-haideaed 
$teel  be  drawn  a  few  times  across  the  poles  of  aa  armed  loodsbme, 
taking  care  not  to  remove  the  bar  from  either  eitroraitr  of  the 
latter,  and  to  termtDate  the  operation  when  its  eitretoitiee  an  eqni- 
distant  from  either  pole,  it  wiU  be  found  to  have  acf^uired  magnetio 
properties.  For  mngnetiaing  larger  bars,  a  great  number  of  pro- 
cesses have  Ixiea  invented. 


ihc  bmr  wilt  have  acquired  all  ths  magnetinn  it  is  capaWe  of  receivjcg. 
Soarcab]'  placed  the  bar  to  be  magoeliBed  oion  the  magnets,  lepeatliig  lh« 
procen  about  six  timea  on  eacli  aide  of  the  bar. 

a.  DiAanid'iMetlwd. — The  ban  to  be  magnetised  are  placed  paralid  to 
each  other,  aad  their  ertremities  ualted  by  two  pieces,  u  m,  ofaoft  iron 

Ftg.  65. 


(Fig.  85).  The  indudng  magneta  A  A',  wliich  ace  Nther  atrong  ^gie  ban, 
or  bnndlea  of  smaller  magnets,  are  placed,  as  in  the  figure,  oq  one  of  the 
bara  to  be  mignetbed  |  thev  are  tlien  sepaTBtad  from  each  other  aa  iu 
Kuigbt'a  melbod ;  the  same  is  repeated  on  the  other  bar,  and  continued 
altematelj  on  both  till  the  magnetism  is  euppoeed  to  be  completely 
developed  on  both  bars.  Wbeu  the  second  bar  ia  being  operaled  upoD,  the 
diapotHtlon  of  the  poles  of  the  indodng  magnets  most  of  course  be  reversed. 
3.  JBIIcAeK-iJlfattod— This  ia  called  the  tMttodD/(fct.«.(oacA.  Fouror 
five  equal  steel  bars  are  placed  in  Ibe  same  etrai(-ht  line;  tKO  bandies  of 
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magnets  a  a'  (Fig.  86)  an  joined  together  at  a  dtotance  of  one-fomtli  dm 
inch,  their  opposite  poles  being  together ;  the  donUe  bundle  in  then  placed  vpn 
the  middle  of  the  centre  bar  B,  and  moved  baekwaids  and  forwards  throo^ 
out  the  entire  length  of  the  line  of  bars,  repeating  the  operatioD  on  each 


Fig.  86. 


B' 
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side  till  the  greatest  possible  effect  is  produced.  A  powerful  honeflboe 
magnet  may  be  substituted  for  the  double  bundle  of  straight  magnets  in  this 
process. 

4.  Coulomb'' »  Method,— Yix.ed  and  moving  bundles  of  magnets  are  em- 
ployed. The  bar  to  be  magnetised  is  laid  between  the  two  fixed  bundles 
M  N  ^Fig.  87),  with  its  ends  resting  on  two  projecting/pieces  €i  iron.   The 

Fig.«7. 


two  bundles  of  inducing  magnets  A  a'  are  placed  in  the  centre  of  the  bar  at 
an  angle  of  20°  or  30°,  their  opposite  poles  being  separated  by  a  small  piece 
of  wood  or  copper  one-fifth  of  an  inch  wide.  They  are  then  moved  succes- 
sively from  the  centre  to  each  extremity  of  the  bar  b  b  several  times,  taking 
care  to  finish  the  operation  when  the  united  poles  are  in  the  centre  of  the 
bar.    The  same  operation  is  repeated  on  the  other  side. 

5.  Epinwi'i  Method. — If  the  bars  to  be  magnetised  have  a  horseshoe 
form,  which  is  very  convenient  when  both  poles  are  required  to  act  together, 
they  are  laid  together  as  in  Fig.  88,  the  ends  which  are  intended  to  be 
contrary-poles  being  placed  in  contact ;  a  powerful  horseshoe  magnet  is  then 
placed  with  its  north  pole  next  to  that  which  is  to  be  the  south  pole  of  one 
of  the  horseshoe  bars,  and  then  carried  round  and  round,  but  always  in  the 
same  direction.  The  bars  are  then  turned  over,  and  the  process  repeated, 
till  a  high  degree  of  power  has  been  imparted  to  them.    Several  precisely 


■  ixnnaui.  mawma. 

■  tfadtfbM^wlMiaMMBIHifaBd,mqrb«BlM|i««tlMrbTM 
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6,  BgO^  ViHaie  Oirml^^baiit  95  hat  of 


ftcB  a  hoDoir,  ytry  ihort,  but  thick  o;Udd(ir 
(fig.  90).  A  ooirant  from  a  Mnmg  Toltaic 
pifr  ia  pmed  Umngh  thg  win,  md  the  iteal 
bar  to  Iw  nugMrtiiad  1«  placed  Jn  ths  ej^sAat,  In 
irbich  it  is  moved  up  and  down  to  the  very  ends. 
When  the  central  portion  of  the  Bttel  bit  again 
occupies  the  cylinderT  the  cironic  ie  opened  hdiI 
the  bar,   which  is  now  perfectly  magaetised,  ia 

When  the  bu  is  cnrred  in  the  form  of  a  borae- 
ahoe,  it  ia  well  to  eloee  it  with  Its  keeper  during 
magnetising;  andirhen  a  straight  one.  to  pro- 
vide it  at  the  top  and  bottom  with  a  piece  of 
iron.  Bj  thia  process,  which  was  Snt  published 
bj  M.  P.  Elias,  of  Haarlem  (FAil  JHbp,  voL  iiv.), 
veiy  large  ban  may  be  magnetised  to  saturation  by  ■ 


Magnet*,  when  IMd  aside,  should  be  placed  in  the  podtion  which 
they  wonW  aanuna,  la  eonaequence  of  the  action  of  teirestiial 
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majrnetiBiu.  All  rough  and  yiolent  treatment  should  be  avoidedi 
every  concussion  or  vibration  amongat  H»  particles  tending;  to 
weaken  its  power.  The  similar  poles  of  two  bar  magnets  shooU 
not  be  brought  into  contact,  or  both  may  be  much  weiJiened;  they 
should  be  kept  in  pairs,  with  their  Hiaaimi^^tT  poles  either  in  contact 
or  connected  together  by  two  pieces  of  soft  iron^  so  as  to  form  a 
parallelogram.  Horseshoe  magnets  shosld  have  a  short  bar  of  soft 
iron  adapted  to  connect  the  two  poles)  and  should  never  be  laid 
aside  without  such  a  piece  of  iron  adheiing  to  them. 

^65)  General  Vrinelples. — I.    DkrecUon, — ^If  a  bar  of  steel, 

magnetised  by  any  of  the  pro- 
Fig,  q'-  cesses  above  described,  be  sus- 
A  pended  horixontally   in  a  little 
f  stirrup  of  paper  or  metal,  by  a 

fibre  of  silk  (Fig.  91)  ;  and  if  sU 
bodies  of  a  ferruginous  nature  Iw 
removed  from  its  vicinity^  it  will, 
after  a  few  oscillations^  take  up  a 
position  nearly  north  and  south ; 
and  if  disturbeid  from  this  position 
and  placed  in  any  other,  it  "will 
t"  not  remain  there>  but  as  soon  as 
it'  is  at  liberty  to  move  it  wiQ 
resume  its  former  position. 

2.  Attraction  and  Repulsion, — K  two  magnetised  bars  be  poised, 
and  placed  in  different  positions  with  regard  to  each  other,  it  is 
found  that  in  some  positions  they  appear  to  be  attracted  towards 
each  other,  while  in  others  they  manifest  a  mutual  repulsion.  This 
does  not,  however,  happen  capriciously ;  the  two  north  poles  and 
the  two  south  poles  invariably  repel  each  other ;  but  ^e  north 
pole  of  one  magnet  always  attracts  and  is  of  course  attracted  by 
the  south  pole  of  the  other. 

3.  Magnetic  Poles. — If  a  magnetised  bkr  be  sprinkled  over  with 
fine  iron  filings,  the  filings  will  be  found  to  adhere  to  it  in  the  form 
of  bristling  tufts,  but  by  no  means  in  a  uniform  manner ;  at  the 
extremities,  ee  (Fig.  92),  the  iron  filaments  vnll  be  very  long, 
standing  out  perpendicularly  from  the  surface.  As  the  centre  of 
the  bar  is  approached,  they  will  become  shorter,  gradually  taking 
up  a  more  and  more  inclined  position,  and  adhering  in  smaller  and 
smaller  tufts  as  the  centre  line  mm^  is  approached.  In  the  inmie- 
diate  neighbourhood  of  this  line  no  filings  are  attracted;  this,  there- 
fore, is  called  the  neutral  line,  and  the  two  halves  of  the  bar  pp 
are  called  the  magnetic  poles.  Every  magnet,  natural  or  artificial, 
possesses  essentially  this  neutral  line,  and  these  magnetic  poles ; 
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t  in  two  ptda^  two  or  men  poilea  ■Itowrtiiig  latwMn  thoM  ntn- 
liiri«t«iQMtM.tremitjofflioW.  A  mwiMt  in  thu  eonditioii  ia 
I  iHltohne  '  emttaeuiiut '  polo. 


QiTMK — If  ft  magnetiwd  btr  be  Iwd  on  a  table, 
md  ecFTered  vitli  ft  iheet  of  wliitB  p^er,  or  with  a  thin  plate  of 
dim,  ■'fc'^  iron  fiiiiiffa  nfted  over  It  ftom  a  mnaliti  baft,  the  filinga 
win,  on.  gmtlj  ta^ng  tlw  p^ai;  mrange  UiemKlTe*  round  uid 
(boot  tKa  polaa  of  tite  bcr  in  a  -ntj  beantifbl  manner,  foming  a 
raceeeakra  of  Gnrreahnom  ■■  the  magnetic  correi  (Fiir.  93),  or  . 
'cnrred  lines  of  magnetic  force'  ^Faradinj).     On  examining'-  thcM 


I. 


cnrveB,  it  will  be  found  that  the  force  decreases  gradiull?  from  the 
poles  towards  the  centre,  or  some  point  intermediate  between  tbe 
two  poles,  where  it  Yanishes  altogelber.  This  is  the  neutral  point, 
or  the  equator  of  &e  magnet. 

Beautiful  Tisual  evidence  of  the  existence  of  two  distinct  mag- 
netic forces,  of  their  mutual  attractions  and  repulsions,  may  be 
obtuned  tbu£ ; — 

Let  the  two  dinmiUi  poles  of  two  powerful  b»n  be  plsred  in  the  snme 
line,  kboot  one  uid  a  baJf  or  two  inciea  Apart,  sud  let  iioa  fllinga  be  siflt^ 
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■  Umi  fhndameirtil  prnpertiet  of  ihe  nugsstie  eomes  were  invee- 
I  tijgttBd  jnafliflmftticmlly  ty  Dr.  Bogrt  (Jaitnui  pf  Hub  Ito^al  Imji- 
Mtpfiy  Feb.  1831).  He  deeaibee  than  m  hftyii^  the  following 
wwwriaWe  jnupeiiy  :  tis.  That  the  difEerence  <tf  the  cosnes  of 
the  tnglBS  whidi  Ihies  dnwn  ftmn  an^  point  in  the  curye  to  the 
two  pdflB  make  witii  the  tads  takmi  en  the  nme  ode,  is  constant ; 
•ad  he  cuuatruetod  s  ayitemof  rnlei  hj  whidi  theae  carves  may  be 
■BchanieallT  iliiTliiwaUwl 

$.  Adwetiam^'^lD.  OKder  to  eommmdeate  magnetism  from  a 
■toml  or  artifieial  magnet  to  nnmagnetiaed  iron  or  steel,  it  is  not 
BooBsnogy  that  the  two  hodiea  ahoold  he  in  contact  The  commn- 
Dieation  ia  ftflfected  aa  perfectfy,  thongh  more  feehly,  when  the 
Mies  axe  aepazatad  hj  apace.    Thns,  in  Ilg.  97,  if  the  north  pole 

na.97. 
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of  an  artiifieial  steel  magnet^  a,  he  placed  near  the  extreniity,  «,  of 
a  piece  of  aoft  inm,  b,  the  end  9  will  instantl j  acquire  the  proper- 
ties  of  a  south  pole,  and  the  opposite  end  n  those  of  a  north  pole. 
The  opposite  poles  would  have  been  produced  at  n  and  8  if  the 
south  pole  8  of  the  magnet  A  had  been  placed  near  the  iron  bar  b. 

In  like  manner  b,  though  only  temporarily  maf^etic,  will  render 
another  piece  of  iron  c,  and  this  again  another  piece  d,  temporarily 
magnetic,  north  and  south  poles  being  produced  at  n^  b'  and  n"  if\ 

Here  we  observe  a  marked  analogy  between  the  phenomena  of 
magnetic  attraction  and  repulsion,  and  those  of  electrical  attraction 
and  repulsion.  In  both  there  exists  the  same  character  of  double 
agencies  of  opposite  Mnd,  capable  when  separate  of  acting  with 
great  energy,  and  being  when  combined  together  perfectly  neutra- 
lised, and  exhibiting  no  signs  of  activity.  As  there  are  two  elec- 
trical, so  there  are  also  two  magnetic  powers,  and  both  sets  of 
phenomena  are  governed  by  the  same  characteristic  laws.  Thus, 
in  the  above  experiment,  the  magnetism  inherent  in  B,  c,  D,  is  said 
to  be  induced  by  the  presence  of  the  real  magnet  a;  and  the 
phenomena  are  precisely  analogous  to  the  communication  of  elec- 
tricity to  imelectrified  bodies  by  induction  (7).  When  a  magnet 
attracts  a  piece  of  iron,  it  does  so  by  inducing  an  opposite  polarity 
at  the  end  adjacent  to  it,  and  the  two  opposite  principles  attract 
each  other.  So  also  when  iron  filings  are  attracted,  the  particle 
of  iron  next  the  magnet  has  mafcuetism  induced  on  it,  and  it 
becomes  a  minute  magnet  like  b,  Fig,  97.     This  particle  \i\ducea 
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ma^^etism  on  the  next  particle  like  0,  and  so  on,  the  oppaili] 
polarities  in  each  particle  of  the  filings  attracting  one  aofltilfltH] 
if  they  were  real  magnets. 

On  comparing  the  amomit  of  the  attractive  force  of  the  tiro  A*  I 
similar  poles  of  two  magnets  with  the  amount  of  the  rtpMnfaok 
of  the  two  similar  poles,  it  is  found  that  the  former  fozce  iBeot 
8idera1)ly  greater  than  the  latter.    This  result  is  a  necesBaiyeoa^ 
queuce  of  the  inductive  process  above  described.    When  thstw* 
attracting  poles  are  in  contact,  each  magnet  tends  to  incraaas  fti 
power  of  the  other  by  developing  the  oppomte  states  in  theadJMUft 
hulve8,and  thus  increasing  their  mutual  attraction.    But  whan  fti 
two  repelling  poles  are  brought  into  contact,  each  magnet  liM  i 
tendency  to  diminish  the  repulsive  power  of  the  other  by  ds?eiLo^ 
ing  in  it  a  polarity  contrary  to  that  which  it  possesses.    If  cm 
iiingnet  be  considerably  stronger  than  the  other,  the  repuLnn 
wliich  tirst  takes  place,  on  bringing  their  similar  poles  near  eadk 
oilier,  is  changed  to  attraction  when  they  are  brought  into  contaett 
the  strong  magnet  destroying  the  similar  magnetism  in  the  lialf 
of  the  weak  magnet  next  to  it,  and  inducing  in  it  the  oppooto 
polarity. 

The  operation  of  magnetic  induction  may  be  well  illustrated  br 
the  following  experiments : — 
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Fig.  98. 


I.  Let  three  or  four  soft  iron  wires  be  suspended  from  the  n  pole  oft 

Rtrong  bnr  magnet ;  it  will  be  fotmd  that  they  will  not  hang  parallel  toeidi 

other,  but  assume  the  position  indicated  in 

Fi^.  98.    The  wires  become  temporarily 

magnetic,  their  s  poles  being  determined 

towards  and  adhering  to  the  n  pole  of  the 

magnet ;    while  the    n  poles    not  being 

under  any  restraining 
power,  manifest  a  mu- 
tual repulsion  and  avoid 
one  another,  as  shown 
in  the  tigure. 

2.  Let  two  pieces  of 
soft  iron  be  suspended 
by  threads  from  a  ring 
or  hook,  and  let  the  n 
pole  of  a  strong  bar 
magnet,  A  (Fig.  99),  be 
held  at  a  certain  dis- 
tance below  them ;  the 
wires  will  become  in- 
ductively magnetic, 
and  their  similar  s 
poles  being  determined 
towards  n,  a  mutual 
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repulsion  is  set  up.  If,  now,  the  magnet  be  brongbl  veij  near,  tho  njial 
dto  of  the  ■  I  ends  of  the  wira  gives  pUco  lo  no  ipparcnt  atlnwlbn  ;  tbii 
B  laofied  by  the  strong atliactioD  of  i  fur  buth  wiros  orermmtng  their  owi 
miUusl  repulsion  :  the  lepulsiou  of  tlia  »  endji  of  ths  niras  ii,  hnwever,  auii 
rmdEKd  evident,  md  the  nearer  the  inducing  nui){net  ia  bruught  to  th4 
niiH  the  stranger  win  this  rapulsJDn  be  DUnlfestML 

3.  Let  »  forked  pie™  of  soft  iron  cue  (Kig-  too)  b*  soipendnl  liy  o« 
tf  lU  bTBDcbes  from  the  ir  pole  of  the  magnetic  bar 
9i  if  the  power  of  the  bar  be  prattv  strong,  it  will  '^5-  "•*- 

mdaoe  safficieat  magoetlam  in  cue  to  enable  i(  to 
bold  la  BUFpension  the  key  E ;  bat  if  we  now  bring 
iolo  contact  with  the  other  br«nch  of  the  fork  the 
s  pole  of  a  semad  magnet  A,  the  key  will  diop  oir, 
the  reaaou  being,  that  the  m  pole  of  a  indocea  a 
uonhem  polarity  at  Ijie  lower  end  E  of  the  fork, 
beoce  its  power  of  sustairdng  the  key  ;  bnt  the  a  pole 
(d  A  Itmda  to  give  a  sontbem  polarity  io  the  same 
:wo  actiuDs  mutually  destroy  or  oeu- 
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,  iron,  iQch  as  i  key,  be 
sofpeoded  from  either  pole  of  a  strong  magnet  a 
(Fig.  lai),  and  then  let  a  atcoadand  (iiailar  inagaet 
a  be  gradaally  slid  over  a,  taking  care  that  the  ojipo- 
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5.  Let  a  word  or  a  flgore  of  any  kind  be  trued  with  a  powerful  bar 
magnet  witli  a  loimd  end  on  a  well-tempered  and  polished  iteel  plate  ;  then 
let  cleao  iron  Qlings  be  shaken  on  the  plate  bom  a  moalin  bag ;  the  filiogi 
will  be  found  to  anaage  thenuetres  ia  the  empty  spaces  betwaen  the  lineg 
traced  by  the  pole  of  the  laegnet,  and  thoa  represent  on  vacant  steel  the 
design  Chat  baa  been  traced.  If  a  sooth  pole  has  been  used,  all  the  traces 
marked  will  have  a  north  polar  magnetism,  and  the  filings  collect  at  the 
parts  where  the  magnetism  ia  most  intense,  arrangiog  themselves  in  pencils 
and  radii.    These  magnetic  flgnies  were  first  prodnced  by  M.  Haldat. 

(66)  (toBUtlBa  «f  Btsel  for  Artlflolal  MasBsts.— From  the 
experiments  of  ScorMbj,  it  wooM  appear  tiiat  for  Urge  01  mw&W« 
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single  and  compound  magnets  of  the  straight  bar  form,  the  heet 
material  is  hard  cast  tied ;  for  horseshoe  magnets,  if  single,  cast 
steel  annealed  from  file  hardness  at  a  temperature  of  about  550°,  or 
shear  steel  a  little  reduced ;  and  for  compound  horseshoe  magnets, 
cast  steel  annealed  at  480°  to  500°,  or  shear  steel  perfectly  hard; 
for  compass  needles,  if  single  and  heavy,  such  as  are  suited  for 
stormy  weather,  hard  cast  steel ;  if  light  or  of  moderate  w^ht, 
whether  single  or  compound,  the  best  cast  steel  annealed  at  500° 
or  550°,  or  hard  shear  steel,  or  hard  cast  steel  from  Bradford  iron; 
and  for  very  light  needles,  or  other  small  magnets,  the  best  cast 
steel  annealed  at  the  heat  of  boiling  oil.   Oast-iron  (No.  i  pig  metal) 
bars,  if  hardened  at  the  end,  are  capable  of  forming  powerful  and 
permanent  magnets.    Hearder  constructed  a  battery  of  twenty- 
four  bars,  each  weighing  3  lbs.,  which  was  capable  of  lifting 
60  lbs. 

The  practice  of  hardening  the  ends  only  of  bars  destined  for 
magnets  is  not,  according  to  the  same  authority,  to  *be  recom- 
mended, as  this  mode  of  tempering  possesses  no  advantage  as  to 
capacity,  while  it  has  much  ^sadvantage  as  to  tenaciousness,  ex- 
cept in  very  thin  bars.  A  moderate  hardening  throughout  is  the 
most  efficacious. 

Scoresby  found  a  constant  relation  between  the  ductUtty  of  iron 
and  its  magnetic  capacity:  the  best  iron  possesses  the  highest 
hiagnetic  quality.  He  examined  magnetically  all  the  varieties  of 
steel,  both  hard  and  soft,  and  the  results  he  obtained  revealed 
such  a  relation  between  the  magnetical  properties  of  several  bars 
and  the  denomination  of  steel  of  which  they  were  made,  as  to  show 
that  it  might  not  be  impossible  that  magnetism  may  be  rendered 
available  for  ascertaining  not  only  the  degree  of  carburation  but 
■  even  for  determining  the  quality  of  iron  out  of  which  the  steel  may 
have  been  manufactured. 

(67)  Most  Advantagreoiui  form  of  Magnet. — According  to 
Lamont  (Pogg.  Ann.y  vol.  cxiii.),  there  are  two  forms  which  appear 
advantageous:  the  flat  contracting  to  a  point  from  the  middle; 
and  the  flat  prismatic ;  in  the  flrst  form  the  proportion  of  the 
magnetism  to  the  weight  is  greater  by  one-eighth  part  than  in  the 
latter,  so  that  it  must  always  hold  as  a  rule  that  the  thickness  and 
breadth  must  be  as  much  diminished  as  the  other  necessary  con- 
ditions permit. 

(68)  &aws  of  Magnetlo  Combinations  ;  Magmetie  Bat- 
teries.— By  combining  the  principle  of  the  difiusion  of  energy  by 
the  combination  of  separate  plates  with  that  of  selection  by  testing 
of  powerful  and  tenacious  plates,  very  powerful  magnetic  batteries 
may  be  constructed.    Scoresby  constructed  a  battery  of  15-inch 
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hud  plates,  the  power  of  which  was  five  or  six  times  as  great  as 
could  be  obtained  from  any  combination  in  bars  of  similar  length 
of  plates  of  a  spring  temper  only,  the  quality  of  steel  usually  em- 
ployed. A  combination  of  bars  is  proportionally  more  powerful 
than  a  single  bar  of  equal  weight ;  the  absolute  gain  of  power, 
however,  gradually  diminishes,  and  beyond  a  certain  extent  con- 
tinued additions  to  a  powerful  combination  is  not  only  not  bene- 
ficial but  positively  injurious.  Advantage  is  gained  by  separating 
the  plates  by  small  discs ;  a  larger  number  may  then  be  employed. 
Wi^  regard  to  the  degree  of  hardness,  for  all  practical  purposes, 
the  limits  may  be  considered  as  comprised  between  a  brittle  hard- 
ness like  that  of  files,  and  that  of  a  spring  temper. 

(69)  BtrectiTe  Power  of  Magnetised  Ban. — For  ascertain- 
ing this  point.  Coulomb  employed  his  balance  of  torsion  (Fig.  6,  p. 
6).  Scoresby,  however,  reconunends,  as  sufficiently  exact  for  prac- 
tical purposes  generally,  the  method  of  deviations.  The  bars  to  be 
examined  and  compared  are  laid  in  a  horizontal  position,  and  at 
right  angles  to  the  magnetic  meridian.  A  compass  needle  is  sus- 
pended at  a  given  distance,  and  the  tangents  of  deviation  produced 
by  the  bars  to  be  tested  afibrd,  provided  they  are  of  the  same 
length,  a  satisfactory  estimate  of  their  proportional  powers.  To 
ascertain  the  relative  strength  or  tenaciousness  of  magnetic  bars, 
compass  needles,  &c.,  Scoresby  directs  first  to  ascertain  their  direc- 
tive energy  separately,  and  then  to  bind  them  up  into  a  bundle 
with  their  corresponding  poles  in  contact;  they  are  then  to  be 
taken  apart  and  their  directive  energy  again  determined.  Some- 
times the  bars  have  their  poles  reversed  by  this  treatment.  In  this 
way  surprising  differences  may  be  sometimes  detected  in  bars 
apparently  similar. 

(70)  Baws  of  Maffnetio  Force. — It  was  inferred  by  Nevrton, 
*from  some  rude  observations,'  that  the  power  of  a  magnet 
decreases  not  in  the  dvpHicate,  but  almost  in  the  triplicate  ratio  of 
the  distance.  Hawksbee,  Wilson,  and  Taylor  gave  a  law  of  force 
which  varies  as  the  sesquidupHicate  ratio  of  the  distances ;  and  Mus- 
schenbroek*s  researches  led  him  to  the  conclusion  ^  that  no  assign- 
able proportion  exists  between  the  forces  and  the  distances, 
whether  of  attraction  or  repulsion.'  Mayer  and  Martin  considered 
the  true  law  of  the  magnetic  force  to  be  identical  with  that  of 
gravitation,  according  to  the  efiective  force  which  operates  in 
restoring  a  needle  to  its  meridian  when  drawn  aside  from  it  is 
directly  as  tiie  line  of  the  angle  of  its  deflection.  The  law  of 
force  was  found  to  be  in  the  inverse  duplicate  ratio  of  the  distances. 
The  directive  or  polar  force  of  a  magnet  upon  a  small  needle  was 
shown  by  Lambert  to  be  as  the  absolute  force  or  magnetic  inten- 
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8ity  of  the  particles  directly,  and  as  tlie  squares  of  the  distanoefl 
inversely.  Lambert^s  deductions  were  suhsequently  coofirmed  by 
Coulomb. 

According  to  the  more  recent  inquiries  of  Harris  (JBdinb,  FkiL 
Trana,  1839),  there  is  a  limit  in  respect  to  the  elementary  magnetic 
inductive  forces  different  for  different  magnets,  and  varying  with 
the  magnetic  conditions  of  the  experiment ;  but  as  a  general  rule 
the  elementary  force  of  magnetic  induction  is  as  the  magnetism 
directly,  and  from  the  ^  or  square  root  to  the  f  power  or  seaqvi- 
duplicate  ratio  of  the  distance  inversely.  Harris  examined  the 
forces  at  successive  points  of  an  accurately  divided,  powerfully 
magnetised,  and  equally  tempered  bar,  by  means  of  his  hydrostatic 
balance,  and  found  that  the  magnetism  in  different  parts  of  a 
regularly  tempered  and  magnetised  steel  bar  of  uniform  texture 
was  directly  as  the  distance  from  the  magnetic  centre,  while  the 
reciprocal  force  between  any  given  point  and  soft  iron  was  as  the 
square  of  the  distance  from  that  centre. 

By  the  following  instructive  experiment,  Harris  has  shown 
that  magnetism,  like  electricity,  is  only'influenced  by  the  sur&ce, 
and  is  independent  of  the  mass  of  the  magnetised  body. 

Between  the  magnet  m  (Fig.  102)  and  the  trial  rod  t  of  the  magnetometer 

a  small  cylinder  of  iron  a  b 
Fig.  zoa.  was    placed,    into   which 

could  be  inserted,  as  a  core, 
a  closely  fitting  cylinder 
a  b,  also  of  iron.  The 
magnet  was  placed  at  a 
convenient  diert^ance  below 
the  cylinder,  and  the  at- 
tractive forces  on  the  trial 
rod  were  measured  when 
the  interposed  cylinder  was 
hollow,  when  the  core  was 
in  its  place,  and  when  it 
was  drawn  out,  as  repre- 
sented by  the  dotted  lines 
in  the  figure,  so  as  to 
double  the  extent  of  the 
interposed  surface.  When 
the  joint  cylinders  were 
taken  together  as  a  mass, 
and  when  the  interior  cy- 
linder was  removed,  the 
force  was  in  both  cases  the 
same ;  but  when  the  core 
was  drawn  out,  so  as  to  extend  the  surface  to  the  greatest  limit,  the  inten- 
sity wai  diminished  one-half. 
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T^riwiMllMMi  alsoiUfeBligfttBd  tfaelftwb  of  magnetism  {FhU.  Mag,^ 
wm  wm&B,  ToL  L  p.  395).  The  principal  neolts  of  his  inqmry  tie 
fta  IkDowfaig : — 

I.  llMimwtael  attoMtioB  of  A  mtgiwt  and  a  qplMn  of  mA  ii^ 
■•laflOBteafc^lsdinotfypfOpoirtkadtotbeatniigthoft^  magnet. 

••  The  mntaal  attn^ion  ^  A  magnet  aad  a  iplm  of  Mft  i^^ 
■•  M^anftad  by  a  nudl  4a»d  dfatasee^  is  dfaaed^  pioportioiial  to  the  tgt^ 
rf  Aa  abNBgtli  of  tiM  magnet 

3.  Hm  nnitaal  attmatftim  of  a  magnet  of  oonatant  itrength,  and  a  tpliere 
rf  aaft  iiop,  ia  waei-arff  proportional  to  the  diatanoe  between  the  magnet  and 
thBaphera. 

4.  When  the  diatanoe  between  the  magnet  and  the  ephen  raries,  and  a 
eonrtawt  ftcee  ofvpoaed  to  the  pnQ  of  the  magnet  ia  applied  to  the  latter,  to 
hdd  tUa  Ibne  in  aqniUbrinm,  the  stnngth  of  the  magnetmnai  razy  as  the 
^aara  root  of  the  distance. 


(71)  'Senrentvtal  mbMra««ian-— 13ie  earth  must  ha  regarded 
aa  a  magnetic  maas  operating  on  the  magnetie  needle  precisely  in 
the  aaome  way  as  one  magnetie  maaa  operates  on  another.  The 
total  magnetic  power,  or  'momflnt  magnetisnii'  of  the  earth,  as  oom- 
paied  with  that  of  a  satorated  st^  bar  one  poond  in  weight,  was 
calcniated  by  Gauss  to  he  as  8yti64,oocvooQ,ooo,ooo/xx>,ooo  to  i ; 
which,  sappoong  the  magnetic  finoe  to  be  unifonnly  distributed, 
will  be  fonnd  to  amount  to  about  six  such  bars  to  every  cubic 
yard. 

If  we  communicate  magnetism  to  a  steel  bar  which  in  its  neutral 
condition  has  been  exactly  equipoised  when  suspended  freely  from 
its  centre,  we  shall 

find     that     it     no  Pig  ,^3. 

longer  maintains  its 
horizontal  position, 
but  assimies  an  ob- 
lique one,  being  in- 
clined with  its  north 
pole  downwards  at 
an  angle  of  about 
68- 1 5**.  If  we  take 
this  needle  to  differ- 
ent parts  of  the 
earth,  we  shall  find 
its  inclinalion  to  be 
different  in  different 
parts,  the  angle  be- 
coming greater  and 

greater  as  we  approach  the  poles,  and  less  and  less  as  we  approach 
the  equatona] regions, 

k2 
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The  magnetic  condition  of  tlie  globe  m&j  be  illustnted  thai:— 
Let  a  bu  raa^^et  be  eaclosed  in  a  light  wooden  or  puteboud  iplxn 
(Fig.  103),  and  let  B  ligbt  magnetic  n«edle  be  nupended  bj  •thie*d,md 
beld  avr.t  tbe  equator  of  iLe  sphere,  it  will  umne  ■  boriiontal  poailicD,  iB 
uurtb  pole  poloCing  towards  tbe  eoutb  pal*  of  tlie  enclosed  magnet ;  let  Uk 
needle  then  be  moved  gradually  ovei  the  BurfSuc  of  tbe  globe,  and  it  will  be 
fiiund  to  BBHUme  tbe  diflerent  paeitiona  indicated  in  the.fignre,  in  wbicli  the 
nortb  pole  of  the  euBpended  needle  is  distinguiabed  by  an  arrow  head. 

(72)  Tbe  KsnA  OompaaB. — The  magneldBed  needle  is  placed 
npon  a  point  in  the  centre  of  a  brass  or  wooden  box  furnished  with 
B  graduated  ring.  The  boi  is  furnished  with  two  straight  edges 
of  brass,  or  iudex  marliB  to  set  to  ttaj  proposed  line,  imd  eometiiiie! 
with  eights,  the  top  being  covered  with  glass  to  prevent  the  needle 
fruni  beiug  disturbed  b;  the  action  of  the  iUT.  There  are  also  two 
small  pieces  of  brass,  one  of  them  turning  upon  a  fiied  point,  which 
is  used  to  check  the  oscillation  of  the  needle  bj  preeaing  on  iti 
upper  end ;  the  ring  at  the  other  end  of  the  layer  is  rtused  till  it 
touches  the  needle,  which  is  thereby  rendered  stead; ;  the  lever  is 
then  let  down,  and  the  needle  left  t«  find  it«  proper  directJon.  In 
the  figure  (Fig.  104)  the  needle  is  mountsd  mth  a  card  divided 
into  points  &nd  qua^te^ 
pinnta  of  the  compass, 
the  N.  and  S.  points 
being  made  to  corre- 
spond very  exactly  with 
the  needle ;  in  this  form 
the  geneml  direction  of 
an  olgect  will  be  known 
by  obsemng  its  bear 
mg,  which  will  alwtTt 
be  ID  accordance  with 
the  magnetic  mendisn 
of  the  place  of  oheer 

(73)  Tba  M«H- 
ner'B  OotapMaa.  —  b 
the    ordmary   form  it 

conaistB  of  a  magnetic 
needle  attached  to  a 
circular  card,  tbe  surface  of  which  is  divided  int*  the  four  cardinal 
points  N.,  S.,  B.,  and  W.  These  again  are  sub-dirided  into  thirtj- 
two  points,  which  are  called  rhumbt.  In  the  aiimnth  compaea 
the  circle  is  divided  into  360  parts.  The  position  of  the  needle  is 
usually  estimated  in  terms  of  the  thirty-two  points,  but  in  refined 
experiments  the  angular  deviation  of  the  needle  from  the  line  01 
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the  magnetic  meridian  is  measured  in  degrees  and  minutes  taken 
in  reference  to  either  the  N.  or  S.-  pole  of  the  card.  Thus,  instead 
of  rhumb  SW.,  we  say  S.  45°  W. ;  instead  of  ENE.,  we  say 
N.  67°  30'  E.,  and  so  on. 

The  azimuth  compass  is  shown  in  Fig.  105;  the  compass  box  ab 
11  suspended  within'  a  large  box,  p  q,  upon  two  concentric  brass  circles  or 
gimbah,  the  outer  circles  being  both  fixed  by  horizontal  pivots  to  the  inner 
cirde  which  carries  the  compass  box ;  the  two  axes  upon  which  the  gimbals 


more  being  at  right  angLea  to  each  other.  The  effect  of  this  construction  is, 
that  the  compass  box  a  b  will  retain  a  horizontal  position  during  the  motions 
of  the  vesseL  The  compass  box  is  furnished  with  sights,  a  h,  through 
which  any  object  may  be  seen,  and  its  angle  with  the  magnetic  meridian 
increased. 

For  this  purpose  the  whole  box  is  hung  in  detached  gimbals,  c  d,  e  f, 

which  turn  upon  a  stout  vertical  pin,  seen  above  a*    In  this  compass  the 

card  is  divided  on  its  rim  into  360°,  but  the  division*  are  more  frequently 

placed  on  a  light  metallic  rim  which  it  carries.    The  eye  is  applied  to  the 

sight  H,  which  is  a  strip  of  brass  containing  a  narrow  slit.    The  other  sight 

G,  which  is  turned  towards  the  object,  contains  an  oblong  aperture,  along 

the  axis  of  which  is  stretched  a  fine  wire,  which  is  made  to  pass  over  the 

object  whose  angular  distance  or  azimuth  from  the  magnetic  meridian  is  to 

be  determined. 

The  compass  recommended  by  the  Committee  of  Enquiry  ap- 
pointed by  the  Admiralty  consists  of  four  compound  magnetic 
Wb  secured  together  with  a  card  within  a  light  ring  of  brass  ;  the 
eud  is  made  of  mica,  and  covered  with  thin  paper,  on  which  the 
impresaion  of  the  cardinal  points  is  printed ;  the  caps  are  of  agate 
or  ruby  *  and  the  points  of  suspension  of  native  alloy ;  the  bowl  is 
made  of  copper. 
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(74)  Tbe  Xncltnatioii  Compass. — The  important  fact  that  a  !0. 
magnetised  needle,  when  allowed  perfect  freedom  of  motion,  an-  ift 
deavours  to  place  itself  in  the  plane  of  the  magnetic  meridian  in  a  U i 
direction  more  or  less  inclined  to  the  horizon,  was  discovered  about  ci 
the  year  1756  by  Robert  Norman,  an  optician  of  London,  but  many  nti 
years  elapsed  before  it  was  known  tiiat  this  inclination  of  tbe  is 
needle  was  subject  to  a  variation.  This  interesting  fact  has,  bow-  39 
ever,  been  well  ascertained,  and  instruments  called  dipping  needlm  gj 
have  been  constructed,  with  a  view  of  ascertaining  the  amount  of  ts 
the  inclination  in  dijQTerent  places  at  the  same  time ;  or  in  the  same 
place  at  different  times ;  but  it  was  not  until  the  latter  end  of  the 
last  century  that  sufficient  accuracy  could  be  carried  into  their 
construction  to  render  them  fully  competent  to  the  delicate  task 
they  were  intended  to  perform. 

A  simple  form  of  dipping  needle  is  shown  in  Fig.  106.    It  consists  of  a 

brass  plate  supported  on  a  flat  stand  by  three 
screws ;  on  this  plate  is  placed  a  spirit-levd 
fur  adjusting  the  plate  horizontally ;  a  stoat 
hollow  brass  pillar  rising  from  the  centre  of 
the  plate  carries  a  circular  box,  forming  the 
case  of  the  dip|Hng  needle,  which  tarns  freely 
on  two  finely  polished  planes  of  agate. 

It  is  very  rarely,  however,  that  a 
needle  can  be  so  nicely  balanced  as  to 
give  the  exact  dip  at-^a  single  observa- 
tion. The  usual  mode  of  proceeding 
is,  therefore,  as  follows : — Having  taken 
eight  or  ten  observations,  turn  the  needle 
completely  round,  viz.  if  in  the  first 
instance  the  face  was  towards  E.,  turn 
it  now  to  W.  J  if  it  was  before  W.,  turn  it  to  E. ;  this  is  very 
easily  effected  by  the  graduations  on  the  lower  limb  of  the  in- 
strument. Let  the  same  number  of  observations  be  again  taken, 
they  may  not  agree  precisely  with  the  first  in  consequence  of  some 
defects  in  the  construction  of  the  instnmient;  let,  however,  the 
mean  in  both  cases  be  preserved  by  dividing  the  sum  of  each  set 
of  observations  by  the  number  of  them.  The  needle  is  now  to 
be  removed  from  the  box,  and  its  poles  inverted  by  any  of  the 
usual  methods  of  magnetising,  so  that  when  replaced  on  its  axis, 
that  end  which  was  before  below  the  horizon  will  now  be  above 
it,  and  if  the  needle  be  correctly  balanced,  by  exactly  the  same 
quantity ;  but  not,  as  is  most  likely  to  happen,  two  other  means 
must  be  got  as  before,  and  the  general  mean  of  the  four  will  be 
very  nearly  or  exactly  the  true  dip. 

(75)  The    VariatioD   Compass.  —  This    instrument    being 
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■tandad  for  miimTiii(y  maaH  ehaagM  in  Ae  dbdiiuitioii  of  the 
tgnwHiT  needle^  either  amuMl  or  dinnMily  is  moie  limited  in  ite 
■eofvibmionyaiid  ie  genenlfy  longer  than  the  needle  used  for 
«— iin  pmpoees;  it  is  elao  fafnlshed  with  conremencee  for 
II— liim  ckeer  then  the  ordinazj  eompeae.  The  needlee  intended 
iir  lUe  pmpoee  ere  nsueOj  oonslanioted  in  e  pftrtaculer  manner, 
having  oooly  a  veiy  small  part  of  the  drdle  graduated,  and  the 
wana  of  diatingmahing  apuJl  changes  better  saitedto  the  eye  than 
they  genenUy  are  in  eommon  horiaontal  needlee.  The  plaee  ia 
wtMk  the  inatrament  ia  fixed  is  requirsd  to  he  particiilarly  firm 
and  steady,  and,  in  abort,  every  preoantion  ia  neoessary  to  be  had 
reeonrse  to  in  order  to  avoid  small  inegvlarities,  because  the 
diangea  to  be  observed  are  liiemselves  so  small  that  without  the 
greatest  aeeoraej  they  may  be  either  overlooked,  or  the  irregolari- 
titaa  of  the  instrument  may  so  eombine  them,  that  every  attempt  to 
dedooe  laws  firmn  them  -would  be  imavaiHng. 

(76)  IBhm  Heeltnatlii  MaffBea« — ^This  instrument,  for  deter- 
mining' the  direction  of  the  needle  and  its  variations,  consists  of  a 
prismatio  magnetic  bar  suspended  by  untwisted  threads  of  raw 
oik.  To  the  south  or  north  end  of  the  bar  a  plane  mirror  is  fixed> 
and  it  is  enclosed  in  a  wooden  oyHndricsl  box,  which,  besides  the 
small  aperture  in  the  lid  for  the  passage  of  the  tiiread,  has  a  larger 
one  in  the  side,  which  is  rather  higher  and  wider  than  the  mirror. 
Opposite  the  mirror  a  theodolite  is  placed,  the  vertical  axis  of  which 
is  in  the  same  magnetic  meridian  with  the  line  of  suspension^  and 
at  a  distance  from  it  of  about  i6  Parisian  feet.  To  the  stand  of  the 
theodolite  is  fixed  a  horizontal  scale  of  4  feet  in  length,  divided 
into  single  millimetres ;  it  makes  a  right  angle  mth  the  magnetic 
meridian.  That  point  of  the  scale  which  is  situated  in  the  same 
vertical  plane  wi^  the  optical  axis  of  the  telescope,  and  which 
may  be  called  the  zero  point,  is  marked  out  by  a  fine  thread  of 
gold  depending  from  the  middle  of  the  object  glass,  and  charged 
with  a  weight.  The  scale  is  fixed  at  such  a  height  that  the  image 
of  a  portion  of  it  is  seen  in  the  mirror  through  the  telescope,  the 
eye  glass  of  which  is  adjusted  accordingly.  At  the  opposite  side 
of  the  needle,  in  the  same  vertical  plane,  and  at  a  distance  from 
the  telescope  equal  to  that  of  the  image,  a  mark  is  fixed  serving 
every  instant  to  ascertain  the  imchanged  position  of  the  theodolite. 
It  is  obvious  that  if  all  these  conditions  be  fulfilled,  the  image  on 
the  zero  point  of  the  scale  will  appear  exactly  on  the  optical  axis 
of  the  telescope,  and  that  so  far  as  an  object  of  known  azimuth  is 
visible  at  the  place  of  the  theodolite,  we  may  by  means  of  this 
instrument  immediately  find  the  absolute  magnetic  declination.  If, 
on  the  other  hasd^  these  eonditiona  are  only  partially  fulfilled, 
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then,  generally  speaking,  the  image,  not  of  the  zero-point,  bat  thit 
of  another  point  of  the  scale  will  appear  on  the  optical  axis ;  and 
if  the  horizontal  distance  of  the  scale  from  the  mirror  has  been 
measured  with  exactness,  it  will  be  easy  to  reduce  the  amoimt  of 
the  divisions  of  the  scale  to  the  corresponding  angle,  and  thus  to 
correct  the  result  first  obtained.  By  turning  the  needle  in  the 
stirrup,  so  that  the  upper  sur&ce  becomes  the  lower,  the  amoimt 
of  the  error  of  collimation  of  the  mirror  may  be  ascertained  with 
great  ease  and  precision.  By  this  mode  of  operating,  the  direction 
of  the  needle  and  its  variations  are  determined  with  great  pre- 
cision. 

(77)    The  Varlatfon  of  tbe  Veedle.  —  Measures  of  the 
variation  of  the  magnetic  needle  have  been  taken  by  travellers  and 
navigators  in  all  parts  of  the  globe.    In  some  places  the  magnetic 
and  terrestrial  meridians  exactly  correspond;  in  these  situations 
the  needle  points  to  the  true  north  and  south,  but  in  most  parts 
of  the  earth*s  surface  its  direction  deviates  sometimes  to  the  E.  and 
sometimes  to  the  W.    Hansteen  makes  the  wegtem  line  of  no  vari- 
ationj  or  that  which  passes  through  all  the  places  on  the  globe 
where  the  needle  points  to  the  true  N.,  to  begin  in  latitude  60°  to 
the  W.  of  Hudson's  Bay,  proceeding  in  a  SE.  direction  through, 
the  North  American  Lake,  passing  the  Antilles  and  Gape  St 
Roque  till  it  reaches  the  South  Atlantic  Ocean,  where  it  cuts  the 
meridian  of  Greenwich  at  about  65°  of  S.  latitude.    This  line  of 
no  variation  is  extremdy  regular,  being  almost  straight  till  it  benda 
round  the  eastern  part  of  South  America,  a  little  S.  of  the  equator. 
On  the  other  hand,  his  chart  shows  that  the  eastern  line  of  no  varia- 
tion is  extremely  irregular,  being  full  of  loops  and  inflexions  of  the 
most  extraordinary  kind,  indicating  the  action  of  local  magnetic 
forces.    It  begins  in  latitude  60°  S.,  below  New  Holland,  crosses 
that  inmiense  island  through  its  centre,  extends  through  the  Indian 
Archipelago  with  a  double  sinuosity,  so  as  to  cross  the  equator 
three  times ;  first  passing  N.  of  it  to  the  E.  of  Borneo,  and  then 
crossing  it  again  beneath  Ceylon,  from  which  it  passes  to  the  E. 
through  the  Yellow  Sea.    It  then  stretches  along  the  coast  of 
China,  making  a  semicircular  sweep  to  the  W.  till  it  reaches  the 
latitude  70°,  where  it  descends  again  to  the  S.,  and  returns  north- 
ward with  a  great  semicircular  bend  which  terminates  in  the  White 
Sea.    These  lines  of  no  variation  are  called  agonic  lines. 

In  1833  Professor  Barlow  constructed  a  new  variation  chart,  in 
which  he  inserted  the  magnetic  observations  of  Conunander  Boss ; 
and  he  remarks  that  *  the  very  spot  where  this  officer  found  the 
needle  perpendicular — that  is,  the  pole  itself — is  precisely  that  point 
in  my  globe  and  chart  in  which,  by  supposing  all  the  lines  to  meet 
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tlie  several  curves,  would  best  preserve  their  unity  of  character, 
both  separately  and  conjointly,  as  a  system.' 

The  following  table  exhibits  the  progressive  changes  in  the 
variation  of  the  needle  which  have  tiken  place  in  London  froip 
1576  to  187 1  : — 

Year. 

1576 

1580 
162a 

1634 

1657  > 
1662J 

1666 

1670 

167a 

1700 

1720 

1740 

1760 

1774 
1778 

1790 
1800 
x8o6 
X813 
1815 
1816 
i8ao 
1803 
1831 
1841 
1851 
i86x 
18^1 

From  this  table  it  appears  that  the  needle  began  to  have  a 
westerly  variation  from  1662,  and  that  it  reached  its  maximum 
about  181 5,  since  which  it  has  been  retrograding;  and  now  (1877) 
it  points  I9°*5'  west  of  the  north. 

At  the  present  time  the  whole  of  Europe,  with  the  exception  of 
a  small  part  of  Russia,  has  a  W.  declination.  In  Eastern  Bus- 
oa,  to  the  E.  of  the  mouth  of  the  Volga,  of  Saralow,  Nishni- 
Novogorod,  and  Archangel,  the  easterly  declination  of  Asia  is 
advancing  tov^ards  us.  There  are  particular  parts  of  the  earth's 
fiurfiBce,  as  in  the  Western  part  of  the  Antilles  and  in  Spitzbergea, 
where  the  mean  declination  of  the  needle  has  scarcely  undergone 
any  sensible  change  in  the  couise  of  the  last  hundred  years.  Since 
1660  the  compass  has  been  permanent  in  Jamaica. 


Observer. 

Variation. 

Noruian 

.        11"=' 

IS'    IS. 

Burroughs    . 

II 

17      » 

(Max.). 

GfUEiter 

6 

12      » 

Gellibrand   . 

4 

5      »» 

•                •                • 

No  variation. 

> 

0 

34  W. 

2 

6  „ 

2 

30  »» 

9 

40  „. 

13 

0  „ 

16 

10  „ 

• 

19 

30  „ 

22 

20  „ 

22 

"   » 

23 

39   ». 

24 

36  » 

24 

8   „ 

Colonel  Beaufoy  . 

24 

20    17" 

W. 

» 

24 

27     18 

„    (Max.) 

•       •        •        4 

24 

17      9 

n 

« 

•                   i 

24 

II      7 

» 

>       1 

k                         •                        1 

24 

9    4" 

»» 

1 

1                         •                         A 

24 

0      0 

»» 

• 

Greeni^ 

rich  23 

16      2 

4 

»» 

22 

18      3 

< 

»» 

21 

5      5 

« 

>             »» 

19 

41      9. 
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*  The  whole  mass  of  West  India  property/  remarks  Sir  Jolm  HflmM 
( CotnutM f  Sabine  M  Traiulationf  voL  L  p.  410),  *  has  been  saved  firam  tbBbtt* 
toinless  pit  of  endless  litigation  by  the  inyariability  of  the  magnetic  deifiu> 
tiou  in  Jamaica  and  the  surrounding  archipelago,  as  during  thewholeof  fte 
last  c-outury  all  surveys  of  property  were  conducted  solely  by  the  oonpia.' 

(78)  The  Xnolinatlon  of  the  Veedle. — The  dip  of  the  nuf- 
netic  needle,  like  the  yariation,  undergoes  a  continaal  change, 
iucreaning  in  some  parts  of  the  world  and  Himiniah^Tig  in  odios. 
The  following  table  shows  the  changes  of  the  dip  at  London 
between  1720  and  1833  :  — 


Yoar. 

( )bscrve(l. 

1720 

•    74°  42" 

1773 

72  19 

1780 

7a   8 

1790 

71  53 

1800 

70  35 

1810 

•      • 

i3i8 

70  34 

1821 

70     3 

1828 

69  47 

1830 

69  38 

1833    . 

•       • 

Obeerver. 
Graham 
Heberden 
Gilpin 


w 


t» 


Rater 
Sabine 


»» 


Compotrd. 
76°  2/ 

73  40 
73   18 

72  39 
71  58 
71  13 
70   34 

•  • 

69   43 

-•       « 
69   21 


From  this  table  it  appears  that  the  magnetic  dip  reached  its 
maximum  in  London  in  1720.  From  observations  made  at  the  Eew 
Observatory  in  May  1863,  ^^^  dip  was  68°  15',  so  that  during  the 
last  143  years  it  has  lost  6°  27',  being  at  the  rate  of  2'  7''  each 
year.      At  Toronto,  the    inclination  on    March   11,    1847,  was 

75°  16'. 

(79)  Periodic  Variations  of  the  Maffnetio  XTeedle. — (a) 

Annvxil  Variation. — The  horizontal  needle  is  subject  to  annual 
variations,  depending  on  the  position  of  the  sun  in  reference  to  the 
equinoctial  and  solstitial  points,  and  to  horary  variations  corre- 
sponding to  changes  of  temperature  from  the  diurnal  rotations  of 
the  earth. 

Between  the  months  of  January  and  April  the  needle  re- 
cedes from  the  N.  pole  of  the  globe,  so  that  its  western  declination 
increases. 

From  April  to  the  beginning  of  July — ^that  is,  from  the  vernal 
equinox  to  the  summer  solstice — the  declination  diminishes  or  the 
needle  approaches  the  N.  pole  of  the  globe. 

From  the  summer  solstice  to  the  vernal  equinox,  the  needle 
receding  from  the  N.  pole  returns  to  the  W.,  so  that  in  October  it 
has  nearly  the  same  position  as  in  May ;  and  between  October  and 
March  the  western  motion  is  smaller  than  in  the  three  preceding 
months.    Hence  it  follows  that  during  the  three  months  between 
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Hie  Temal  equinox  and  the  summer  solstice  the  needle  retrogrades 

towards  E.,  and  during  the  following  nine  months  its  general 

motion  is  towards  W. 

(6)  Daily  Changes  in  the  Variations. — ^This  was  first  observed  in 
1724,  by  Mr.   Graham,  and  has  been  confirmed  with  the  most 

accurate  instruments  in  almost  every  part  of  the  world.  Sabine 
lias  arranged  and  presented  together  {Phil,  Trans.  1 851)  the  vari- 
ations which  the  declination  undergoes  at  every  hour  of  the  day 
at  the  four  colonial  observatories  established  by  the  British 
GloTemment;  viz.  at  Toronto,  from  three  years*  observation;  at 
Hbbarton,  from  five  years'  observation;  at  the  Cape  of  Good 
Hope,  from  five  years'  observation ;  and  at  St.  Helena,  from  three 
years*  observation.  The  range  of  variation  at  all  the  four  stations 
is  considerably  greater  during  the  hours  of  the  day  than  during 
those  of  the  night,  and  a  great  similarity,  though  not  a  perfect 
identity,  is  observed  at  all  the  stations  in  the  relative  amount  of 
the  range  at  different  hours.  It  further  appears  that  the  amount 
does  not  progressively  enlarge  to  a  maximmn  at  or  about  noon, 
when  the  sun's  altitude  is  greatest,  or  at  the  early  hours  of  the 
afternoon,  when  the  temperature  is  greatest,  but  that  at  all  the 
stations  the  incFease  in  the  range  is  most  rapid  in  the  first  or  second 
hour  -after  sunrise,  and  that  its  extent  at  the  hours  from  7  to  9  a.m. 
is  not  exceeded  at  any  subsequent  hour  at  Hobarton,  the  Cape, 
and  St.  Helena,  whilst  at  Toronto  the  great  enlargement  takes  place 
even  earlier,  the  hours  of  6,  7,  and  8  a.m.  being  exceeded  by  none, 
though  they  are  equalled  by  a  second  increase  at  noon  and  the 
two  following  hours.  The  second  enlargement  is  perceptible  at  the 
same  hour  at  Hobarton  and  St.  Helena. 

From  a  series  of  observations  taken  every  two  hours,  day  and 
night,  for  between  two  and  three  years,  at  the  Dublin  Observatory, 
under  the  direction  of  Professor  Lloyd,  it  appears  that  the  mean 
daily  curve  of  the  changes  of  declination  for  the  entire  year 
exhibits  a  small  easterly  movement  of  the  N.  end  of  the  magnet 
during  the  morning  hours,  which  reaches  its  maximum  about 
7  A.1C. ;  after  that  hour  the  N.  end  moves  rapidly  W.,  and  reaches 
its  extreme  westerly  position  at  i  hr.  10  m.  p.m.  It  then  returns 
eastward,  but  less  rapidly,  the  easterly  deviation  becomirg  a  maxi- 
mum about  10  P.1C.,  the  mean  daily  range  being  equal  to  9^  8^^. 
During  the  summer  months  the  morning  maximum  at  7  a.m.  is 
more  marked ;  the  evening  maximum,  on  the  contrary,  disappears, 
there  being  a  slow  and  regular  movement  of  the  N.  end  to  the 
eastward  from  7  p.m.  until  7  a.m.  In  winter,  on  the  other  hand, 
the  evening  maximum  is  well  defined  and  the  morning  maximum 
disappears,  there  being  a  slow  and  regular  westerly  movement  until 
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Fig.  107. 


9  A.M.,  after  which  the  moyement  becomes  more  rapid  in  the  ttae 
direction.  The  epoch  of  the  extreme  westerly  position  of  the 
inaguet  is  nearly  the  same  throughout  the  year.  The  greatest  diilj 
change  in  summer  is  about  13'  Y  ;  the  least  range  in  winter  aboit 

(80)  The  Maffnetio  Sqaator. — ^This  is  an  irregular  lin 
crosniiig  the  terrestrial  equator  at  four  points,  as  shown  inilg.  107, 

where  the  black  line  w  B  is 
intended  to  represent  the  reil 
equator,  and  the  dotted  line 
X  ic  ic  the  magnetic  equstoi, 
crossing  tiie  former  at  four 
points  instead  of  two,  and 
showing  tiie  evident  eziBtence 
of  some  great  disturbing  cause. 

'The  magnetic  equator,'  ob- 
serves M.  Daperrey  {Annak*  dt 
Ckimie,  1830),  *  will  meet  tbe  equi- 
noctial line  only  in  two  pointa 
which  are  diametrically  opposite^ 
the  one  situated  in  the  Atlantic 
Ocean  and  the  other  in  the  Great  Ocean  nearly  in  the  plane  of  the  meridian 
of  Parifl.  When  this  equator  meets  only  some  scattered  i«liti?fia,  it  reoeda 
only  a  little  from  the  equinoctial  line ;  when  the  islands  are  moremnmeroos,  it 
recedes  further ;  and  it  reaches  its  maximum  deviation  in  both  hemispheres 
only  in  the  two  great  continents  which  it  traverses.  It  is  found,  also,  that 
between  the  northern  and  southern  halves  of  the  magnetic  equator  there  is 
a  symmetry  very  remarkable,  and  much  more  perfect  than  had  previuoaly 
been  believed. 

*  The  dip  of  the  needle  increases  on  each  side  of  the  magnetic  equator ;  and 
Hanstcen  has  projected  lines  of  equal  dip  in  his  chart  These  lines  are 
nearly  parallel  to  the  magnetic  equator  till  we  reach  60°  north  latitude ;  they 
then  begin  to  bend  round  the  American  magnetic  pole,  which  Sir  James 
Clark  Ross  found  to  be  situated  in  N.  latitude  70°  5'  17",  and  in  W.  longitude 
96°  45'  48",  the  needle  having  at  this  point,  in  Boothia  Felix,  lost  wholly  its 
directive  power,  and  the  dip  being  89°  59'  within  one  minute  of  90°  or  ver- 
tical. Had  we  inferred  tlie  position  of  the  needle  from  the  form  of  the 
magnetic  equator,  we  should  have  placed  it  in  25°  of  W.  longitude ;  viz.  the 
meridian  on  which  the  magnetic  equator  advances  further  to  the  S.,  or  about 
i3i°»  and  76^°  of  N.  latitude,  or  90-13^°.  This,  however,  as  all  Arctic 
observations  prove,  is  not  the  case,  and  we  are  led  by  the  phenomena  of  the 
dip,  as  well  as  by  those  of  the  variations  in  different  parts  of  the  globe,  to 
conclude  that  every  place  has  its  own  magnetic  axis,  with  its  own  pole  and 
its  own  equator.' 

(81)  Terrestrial  Mairiietle  Intensity. — If  a  needle  whose 
axis  of  suspension  passes  through  its  centre  of  gravity,  and  which 
has  its  N.  and  S.  polar  magnetism  equal  and  similarly  distributed 
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made  to  vibrate,  by  turning  it  from  its  position  and  allowing  it 
recover  that  position  by  a  series  of  oscillations,  it  is  evident 
"tiiat  the  magnetism  of  the  earth  will  act  with  equal  force  on  each 
lialfy  and  that  the  needle  will  be  drawn  into  the  magnetic  meri- 
dian by  the  combined  action  of  both  forces.  The  greater  the 
mag'nelic  force,  the  more  quickly  will  the  needle  oscillate  and 
recover  its  primitive  position.  The  needle  is,  in  short,  in  the  same 
circumstances  as  a  pendulimi  oscillating  by  the  action  of  gravity ; 
and,  as  in  this  case,  the  forces  are  as  the  sqiuires  of  the  numbers  of 
oscillations  made  in  the  same  time. 

Suppose  a  dipping  needle  be  made  to  oscillate  in  the  plane  of 
the  magnetic  meridian  round  the  line  of  dip,  and  that  when  an 
experiment  is  made  at  the  equator  the  number  of  oscillations  in  a 
second  is  24,  while  in  another  place  it  is  25  ;  then  the  intensity  of 
the  magnetic  force  at  these  places  is  as  25^  to  24^,  or  as  625  to  576, 
or  as  1*085  to  i-ooo.  By  carrying  the  same  needle  to  different 
parts  of  the  earth,  the  magnetic  intensity  at  these  places  will  be 
found  from  the  number  of  oscillations.^ 

The  magnetic  intensity,  like  the  variation  and  dip  of  the  needle, 
undergoes  diurnal  and  monthly  changes.  Hansteen  found  that 
the  minimum  of  daily  change  of  intensity  is  between  i  o  and  1 1  a.m., 
and  the  meucimum  between  4  and  7  p.m.  in  May,  and  about  7  p.m. 
in  June.  The  intensity  is  a  maximmn  in  December  and  a  minimum 
in  June.  The  greatest  monthly  change  in  the  intensity  is  a  maxi- 
mum in  the  months  of  December  and  June,  about  tlie  time  when 
the  ^arth  is  in  its  perihelion  and  aphelion.  It  is  a  minimum  near 
the  equinoxes  or  when  the  earth  is  at  its  mean  distance  from 
the  sun.  The  greatest  daily  change  is  least  in  the  winter  and 
greatest  in  the  simimier.  The  greatest  difference  of  the  annual 
intensity  is  C'0359.  Hansteen  likewise  found  that  the  magnetic 
intensity  is  diminishing  in  Europe,  und  that  the  decrease  is  greater 
in  the  northern  and  eastern  than  in  the  southern  and  western  parts, 
an  effect  which  he  conceives  to  be  produced  by  the  motion  of  the 
Siberian  pole  towards  the  E. 

]f  rom  the  researches  of  Sabine  and  others,  it  appears  that  there 
are  two  foci  or  points  of  maximum  force  in  each  hemisphere  round 
which  tihe  iso-^ynamic  lines  (lines  of  equal  magnetic  force)  circu- 
late in  an  ovate  form ;  these  foci  are  not  of  equal  force  in  either 
hemisphere ;  the  focus  of  greater  intensity  in  the  northern  hemi- 
sphere is  in  North  America,  in  the  vicinity  of  the  SW.  shores  of 
Hudson's  Bay,  in  52®  19' N.  latitude,  the  intensity  being  i*88; 


^  For  a  description  of  Harris's  *  Magnetometer  of  Oscillations,*  see  Edinb. 
PhU,  TVant,,  vol.  xiii.  pt.  i.,  and  Trans.  Royal  Soc.f  1831 
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the  weaker  force  is  in  the  north  of  Siberisy  about  i2oP  of  eastki^ 
ptude  frvini  Greenwich,  with  an  intensity  of  1*76,  The  prinGi|d 
maximum  focus  in  the  southern  henusphere  was  ibond  \(j  8b 
James  Ross,  in  1840-3,  in  about  the  meridian  of  I34°K,  udi 
few  de>rrees  X.  of  the  Antarctic  circle,  while  the  weaker maximnB, 
accord iu^  to  Sabine,  is  about  130^  W.  The  ratio  of  the  msgnBtH 
force  at  the  major  focus  in  North  America,  as  determined  }tj 
LefroT.  is  13*9,  at  the  minor  focus  in  Siberia,  £rom  the  observatioDi 
of  liansteen  and  Due,  13*3 ;  at  St.  Helena,  which  is  the  weakrt 
part  of  the  line  of  least  intensity,  its  Talue  is  6*4.  At  Londoi 
at  the  present  time  the  magnetic  inteneitj  is  10*31.  The  umtof 
lorof  in  this  scale  is  that  amount  of  magnetic  force  which,  acting 
ou  the  unit  of  mass  through  the  unit  of  time,  generates  in  it  the 
unit  of  velocity,  and  the  units  are  taken  respectiyely  as  a  giftiB,  1 
stKH^nd.  and  a  foot  British  measure. 

i^Sj"^  BKagnetie  Btormm. — ^This  term  was  applied  by  Hum- 
Ix^ldt  to  certain  titful  agitations  of  the  needle,  which  he  was  ihe 
tirst  to  notice  at  Berlin  in  1S06.  The  phenomenon  has  since  mnch 
eu^THired  the  attention  of  magneticians.  In  181 8  a  magnetic  storai, 
shown  by  a  violent  agitation  of  the  needle,  took  place  simultane- 
ously over  47°  of  longitude  ;  and  on  the  25th  of  September,  1841, 
one  of  these  storms  was  simultaneously  obseryed  at  Toronto,  at 
the  Cape  of  Good  Hope,  Prague  in  Europe,  and  Macao  in  China, 
and  there  is  reason  to  believe  that  it  extended  to  Van  Diemen*B 
l^iud.  Similar  storms  have  happened  simultaneously  in  Sicily 
and  nt  Ujvsala  in  Sweden. 

Miiguetic  storms  are  always  accompanied  by  aurorsB  and  earth 
currents — that  is,  currents  of  electricity  which  traverse  the  surface 
of  our  globe,  a  portion  of  which  is  caught  up  by  the  telegraphic 
win>s,  frequently  occasioning  serious  disturbance  in  their  com- 
munications. 

It  is  the  opinion  of  magneticians  that  the  sun  is  the  agent  which 
causes  the  disturbances.  Professor  Schwabe,  of  Dessau,  has  now 
for  nearly  forty  years  been  watching  the  disc  of  the  sun  and  re- 
cording the  groups  of  spots  which  have  been  visible,  and  he  finds 
that  these  have  a  period  of  maximum  nearly  every  ten  years,  two 
of  tliese  periods  being  the  years  1 848-1 859.  Now  it  was  likewise 
found  by  General  Sabine  that  the  aggregate  value  of  magnetic 
disturbances  at  Toronto  attained  a  maximum  in  1848,  nor  was  he 
slow  to  remark  that  this  was  also  Schwabe's  period  of  maximum 
sun-spots,  and  it  was  afterwards  found  by  observations  made  at 
Kew  that  1859  (another  of  Schwabe  s  years)  was  also  a  year  of 
maximum  magnetic  disturbance.  '  There  is  some  reason,'  observes 
Balfour  Stewart  {Pro,  Royal  Intt.,  vol.  iy.  part  i.  p.  57),  *  to  be- 
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ilkaft  on  onB  oeoukm  our  luniiuuT'  was  etng^  In  the  yeiy 
On  llie   irt  of  Saptember,  1859,  two  Mtronomen,  Mevrt. 
•nd  Hodgson^  wore  indepeDdeutlj  olMenring  tho  son's 
,  wUeb  fwrliilwtFid  at  that  time  a  toj  Inght  spot,  when  about 
past  eleivaa  thej  noticed  a  Toy  bright  star  of  light  eod- 
■kootoivertheqpot  and  more  with  great  Telocity  across 
1^  aozfiMe.    On  Mr.  Oani^gfeon  referring  afterwards  to  Kew 
r,  at  -which  place  the  position  of  the  magnet  is  recorded 
JiamliimiMiHly  bj  photogimphj,  it  was  fbond  that  a  magnetie  dis- 
banee  liad  bocoken  out  at  the  rerj  moment  when  this  singukr 
warance  Imd  been  observed.' 

With  xeapect  to  the  bond  which  oonneets  sun-epota  with  mag^ 
distarbaneesi  no  conjecture  has  been  fbrmed,  but  the  het,  as 
Siewarl  obaeinrBBy  'is  eminentlj  saggestiyey  and  brings  us  at  once 
lato  the  poreaence  of  scnne  great  cosmical  bond  different  from  grari- 
tatioii,  adding,  at  the  same  timei  new  interest  and  mystery  to  these 
perplflpng  phenomena.* 

The  following  remarkB  with  regard  to '  terrestrial  magnetism  * 
and '  teEreetxial  electricity '  will  conclude  this  interesting  subject: — 

*  As  to  tomali'lsl  magnetifiii,  of  whst  ili  nUtioa  may  be  to  perceptible 
tieefcrie  masitetstioDS  we  at  prawat  know  nothing.  Ton  all  know  that  the 
eaiih  aeta  as  a  great  magnet    Dr.  Gilbert,  of  Cdlcheet^,  made  that  dear 
neaiiy  yx>  years  ago ;  but  how  the  earth  acts  as  a  great  magnet — how  it  is 
a  magnet — whether  an  electro-magnet  in  virtue  of  currents  revolving  round 
under  the  upper  surface,  or  whether  it  is  a  magnet  like  a  mass  of  steel  or 
loadstone,  we  do  not  know.    This  we  do  know,  that  it  is  a  variable  magnet, 
and  that  a  firdt  approximation  to  the  variation  consists  in  a  statement  of 
motion  round  the  axis  of  ^ure — motion  of  the  magnetic  poles  round  the 
axis  of  figure,  in  a  period  of  from  900  to  1,000  years.    The  earth  is  not  a 
uniformly  magnetised  magnet  with  two  poles,  and  with  circles  of  symmetry 
round  those  poles.    But  a  first  expression — as  we  should  say  in  mathe- 
matical language,  the  first  "  harmonic  term  ** — ^in  the  full  expression  of  ter- 
restrial magnetism  is  an  expression  of  a  regular  and  symmetrical  distribution 
such  as  I  have  indicated.    Now,  this  is  quite  certain,  that  the  axis  of  this 
first  term,  so  to  speak,  or  this  first  approximation,  which,  in  fact,  we  might 
call  the  magnetic  axis  of  the  earth,  does  revolve  round  the  axis  of  figure. 

'When  the  phenomena  of  terrestrial  magnetism  were  first  somewhat 
accurately  observed  about  30Q years  ago,  the  needle  pointed  herein  England 
a  little  to  the  east  of  north ;  a  few  years  later  it  pointed  due  north ;  then, 
until  about  the  year  1820,  it  went  to  the  west  of  north ;  and  now  it  is 
coming  back  towards  the  north.  The  dip  has  experienced  corresponding 
variations.  Well,  when  the  dip  was  first  discovered  by  Robert  Norman  it 
was  less  than  it  is  now.  The  dip  has  gone  on  increasing,  and  is  still  in- 
creasing ;  but  about  fifty  years  ago  the  deviation  from  true  north  was 
greatest.  Everything  goes  on  as  if  the  earth  had  a  magnetic  pole  revolving 
at  a  distance  of  about  twenty  degrees  round  the  true  north  pole.  About 
300  years  ago  it  was  on  the  farther  side  of  the  north  pole,  and  a  little  to  the 
east.    Thence  it  travelled  round  the  north  pole  in  the  same  direction  as 
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that  in  which  the  earth  itself  rotates,  bo  as  to  come  to  the  left-hand  side 
of  the  north  pole,  and  then  obliquely  towards  us  :  so  that  about  200  jeatt 
from  now  we  may  expect  the  magnetic  pole  to  be  between  En^and  and 
the  north  pole,  and  in  England  the  needle  to  point  due  north,  and  the  dip 
to  be  greater  than  it  has  been  for  one  thousand  years,  or  will  be  again  fat 
another.  That  motion  of  the  magnetic  pole  in  a  circle  round  the  true  north 
pole  has  already  (within  the  period  during  which  somewhat  accunte 
measurements  have  been  made)  been  experienced  to  the  extent  of  rather 
more  than  a  quarter  of  the  whole  revolution.  It  is  one  of  the  greatnt 
mysteries  of  science — a  mystery  which  I  might  almost  say  is  to  myself  a 
subject  of  daily  contemplation— what  can  be  the  cause  of  this  magnetisni 
in  the  interior  of  the  earth  ?  Rigid  magnetisation,  like  that  of  steel  w 
the  loadstone,  has  no  quality  in  itself  in  virtue  of  which  we  can  concave  it 
to  migrate  round  in  the  magnetised  bar.  Electric  currents  afford  the  more 
favoured  hypothesis ;  they  are  more  mobile.  If  we  can  oonoeiye  electric 
currents  at  all,  we  may  conceive  them  flitting  about.  But  what  snstains 
the  electric  currents  ?  People  sometimes  say,  heedlessly  or  ignorantly,  that 
thermo-electricity  does  it.  We  have  none  of  the  elements  of  the  problMa 
of  thermo-electricity  in  the  state  of  undeiground  temperature  which  could 
possibly  explain,  in  accordance  with  any  knowledge  we  have  of  thermo- 
electricity, how  there  could  so  be  sustained  currents  round  the  earth.  And 
if  there  were  currents  round  the  earth,  regulated  by  some  cause  so  as  to 
give  them  a  definite  direction  at  one  time,  we  are  as  far  as  ever  from  ex- 
plaining how  the  channel  of  these  currents  could  experience  that  great 
revolutionary  variation  which  we  know  it  does  experience.  Thus  we  have 
merely  a  mystery.  It  would  be  rash  to  suggest  even  an  explanation.  I 
may  say  that  one  explanation  has  been  suggested.  It  was  suggested  by 
the  great  astronomer  Halley,  that  there  is  a  nucleus  in  the  interior  of 
the  earth,  and  that  the  mystery  is  explained  simply  by  a  magnet  not 
rigid! j'^  connected  with  the  upper  crust  of  the  earth,  but  revolving  round  an 
axis  differing  from  the  axis  of  rotation  of  the  outer  crust,  and  exhibiting  a 
gradual  processional  motion  independent  of  the  processional  motion  of  the 
outer  rigid  crust.  I  merely  say  that  has  been  suggested.  I  do  not  ask  you 
to  judge  of  the  probability ;  I  would  not  ask  myself  to  judge  of  the  proba- 
bility of  it.    No  other  explanation  has  been  suggested. 

*  But  now,  I  say  we  look  with  hopefulness  to  the  practical  telegraphist 
for  data  towards  a  solution  of  this  grand  problem.  The  terrestrial  magnetism 
is  subject,  as  a  whole,  to  the  grand  circular  variation  which  I  have  indi- 
cated. But,  besides  that,  there  are  annual  variations  and  diurnal  variations. 
Every  day  the  needle  varies  from  a  few  minutes  on  one  side  to  a  few 
minutes  on  the  other  side  of  its  mean  position,  and  at  times  there  are  much 
greater  variations.  What  are  calle<1  "  magnetic  storms  "  are  of  not  very 
unfrequent  occurrence.  In  a  magnetic  storm  the  needle  will  often  fly 
twenty  minutes,  thirty  minutes,  a  degree,  or  even  as  much  as  two  or  three 
degrees  sometimes,  from  its  proper  position — if  I  may  use  that  term — its 
proper  position  for  the  time :  that  is.  the  position  which  it  might  be  expected 
to  have  at  the  time  according  to  the  statistics  of  previous  observations.  I 
speak  of  the  needle  in  general.  The  ordinar}^  observation  of  the  horizontal 
needle  shows  these  phenomena.  So  does  observation  on  the  dip  of  the  needle. 
80  does  observation  on  the  total  intensity  of  the  terrestrial  magnetic  force. 
The  three  elements,  deflection,  dip,  and  total  intensity,  all  vary  every  day 
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Oa  atJlBMy  diimal  TaiUtkm,  and  imgnlarlj  with  the  magnetie 
ThABvgBrtie  ■totm  It  ahr^ri  aaodatad  with  A  TidUe  phcnoawiioBy 
w«  can,  iMbitnallj,  deetrieal  |  MDRom  boiwUi»  md,  no  doubly  dio 
of  thA  mitliarn  pdlnTTCgioiii. 

'Welisve  the  ilvQQgwt  pcarible  nasoot  Ibr  beUsving  that  anron  eonaittf 
tf  deetale  eomntiy  like  the  ilMtrio  plwiiwnwia  pmanted  by  eonvnti  of 
:ihitiKHj  thnm^  what  are  called  raeiram  tidMa,  through  the  apace 
mqied  by  Taoannia  ofdiAnnt  qnalitiea  in  the  well-kiiowiiTacaiim  tabca. 
tf  eonie  tha  T«i7  eaqmarioii '*  Taenniiia  cf  diibrant  qoalitiea  "  ia  a  oon^ 
ttlan  in  tanna.  It  ioq^liaa  iliat  than  are  amall  qnantitJea  at  matter  of 
flAnnt  kinda  left  in  fhoae  neareit  af^Kroadiee  to  a  peribet  Taciram  which 
neannMdEB. 

*It  ia  known  to  yonall  that  anrota  borealia  ia  properlj  comiMtrable  with 
fti  phenomena  pwiaented  by  Taeeonn  tobea. .  The  appearance  of  the  light, 
fti  variations  which  it  pweenta,  and  the  magnetic  aocompanimenta,  are  all 
Miirmatoiy  cf  tida  view,  ao  tliat  we  may  accqil  it  aa  one  of  the  tmtha  of 
■inea.  Well,  now— and  here  ia  a  point  upon  wfaidi,  1  think,  the  practical 
tj^gmphfaf  not  only  can,  bat  wiD,  bcfnre  long,  gire  toabetraet  adenoe  data 
Ar  Jn4ging — ie  the  deflestion  of  the  needle  a  direct  eflbct  of  the  auroral* 
enent,  or  are  the  annml  cnrreat  and  the  deflection  of  the  needle  common 
laalla  of  anotiier  canae  t.  With  nibrenoe  to  thia  point,  I  most  speak  of 
ndngnrand  enrrenta.  ^kere^  agaio,  I  have  named  a  household  word  to 
flniy  one  who  haa  anything  to  do  with  the  operation  of  wooing  the  electric 
lifcgrtph,  and  not  a  very  pTeaaing  hooaehold  word,  I  must  say.  I  am  sore 
■oet  practical  telegraphera  would  nther  never  hear  of  earth  currents  again. 
Still  we  Imve  got  earUi  cmrente ;  let  us  make  the  beet  of  them.  They  are 
ahraye  with  us ;  let  us  see  whether  we  cannot  make  something  oat  of  them, 
since  they  have  given  us  so  much  trouble. 

'  Now,  if  we  could  have  simultaneoas  observations  of  the  underground 
currents,  of  the  three  magnetic  elements,  and  of  the  aurora,  we  should  have 
a  mass  of  evidence  from  which,  I  believe,  without  fail,  we  ought  to  be  able 
to  conclude  an  answer  more  or  less  definite  to  the  question  I  have  put. 
Are  we  to  look  in  the  r^ons  external  to  our  atmosphere  for  the  cause  of 
the  underground  currents,  or  are  we  to  look  under  the  earth  for  some  unknown 
cause  affecting  terrestrial  magnetism  and  giving  rise  to  an  induction  of 
those  currents  ?  The  direction  of  the  effects,  if  we  can  only  observe  those 
directions,  will  help  us  most  materially  to  judge  as  to  what  answer  should 
be  given.' — Sir  fFUUam  Tkonuon, 
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CHAPTER  VII. 

ELECTBO-PHTSIOLOOT. 

The  Discovery  of  Golvani— The  Discoveiy  of  YolU— The  Refleudm  flf 
Matteucd  and  DuBois  Reymond — ^Electric  Fishes— Electricity  of  FIibIi. 

(83)  Tlie  DlsooTorj  of  OAlraiiL — ^That  remarkable  foim  of 
electricity  known  by  the  name  of  galvanism,  or  galvanic  electridtj, 
is  said  to  owe  its  origin  to  an  accidental  circumstanoe  connectei 
with  some  experiments  on  animal  irritahility  which  were  being 
carried  on  by  M.  Galvani,  a  professor  of  anatomy  at  Bologniy  in 
the  year  1790. 

*  It  may  be  proved/  says  Arago, '  that  the  immortal  discovery  of  the 
Voltaic  pile  arose  in  the  most  immediate  and  direct  manner  from  a  slig^ 
cold  with  which  a  Bolognese  lady  was  attacked  in  1790,  for  which  her 
physician  prescribed  the  use  of  frog  broth,* 

*  When  one  of  Galvani's  pupils/  writes  the  author  of  the  article  'Yol' 
taic  Electricity  *  in  the  Enct/cU^uedia  Britannica,  'was  using  an  electricil 
machine,  a  number  of  frogs  were  lying  skinned  on  an  adjoining  table  toe 
the  purpose  of  cookery.  The  machine  being  In  action,  the  young  man  hsp- 
pened  to  touch  with  a  scalpel  the  nerve  cf  theJeg  of  one  of  the  frogs,  when, 
to  his  surprise,  the  leg  was  thrown  into  violent  convulsions.' 

*  A  person  acquainted  with  the  well-known  laws  of  induced  electricity,' 
writes  Dr.  Thomas  Young  (^Lectures  on  Natural  Fhilotophy),  *  might  easHy 
have  foreseen  this  effect.* 

'Luckily  for  the  progress  of  science,'  observes  Dr.  Lardner  (^Cabinet 
Ct/clopa3dia)f  Galvani  was  more  of  an  anatomist  than  an  electrician,  and  he 
beheld  with  sentiments  of  unmixed  wonder  the  manifestations  of  what  he 

believed  to  be  a  new  principle  in  the  animal  economy Chance 

now  came  upon  the  stage.  In  the  course  of  his  researches,  he  had  occa8i(m 
to  separate  the  legs,  thighs,  and  lower  parts  of  the  body  of  the  frog  from 
the  remainder,  so  as  to  lay  bare  the  lumbar  nerves.  Having  the  members 
of  several  frogs  thus  dissected,  he  passed  copper  hooks  through  part  of  the 
dorsal  column  which  remained  above  the  junction  of  the  thighs  for  the  con- 
venience of  hanging  them  up.  In  this  manner  he  happened  to  suspend 
several  upon  the  iron  balcony  in  front  of  his  laboratory,  when,  to  his  inex- 
pressible astonishment,  the  limbs  were  thrown  into  strong  convulsions.  No 
electrical  machine  was  now  present  to  exert  any  influence.' 

It  would  appear,  however,  from  documents  in  the  possession  of 
the  Institute  of  Bologna,  that  Galvani  was  occupied  with  experi- 
ments on  the  contractions  of  the  muscles  of  frogs  at  least  twenty 
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,^ before  the  publication  of  his  famous  '  CommefntaryJ  and  that 

■**.^  was  not  unacquainted  with  electricity  may  be  inferred  from  his 


Vtggestion  that  the  contraction  of  the  frog  may  be  explained  by 

'return  shock/  and  to  his  having  written  a  Latin  memoir  on 

electrical  light  in  air  of  different  densities ;  and  as  for  his  feeling 

Surprised  on  observing  the  contraction  of  a  prepared  frog  when  a 

apaok  from  an  electric^  machine  was  taken  to  it,  it  is  unfair  to  ques- 

t^ion  his  electrical  knowledge  from  this  fact ;  any  other  philosopher, 

asMatteucci  (JPh&nofmtftiei  Electro-phydologiqiiesdesAnimaiuv)  justly 

obeerves,  would  at  that  time  have  felt  surprised  on  witnessing  the 

phenomenon  for  the  first  time. 

The  first  experiment  with  a  metallic  arc  Ib  described  in  the  third 
part  of  Gkdvani's  Commentary.  The  note  in  which  it  is  found 
registered  bears  date  Sept.  20, 1786,  and  contains,  in  Galvani's  own 
handwriting,  the  words  '  ExperimeTits  on  the  Electricity  of  MetaW 
The  primary  fact  of  the  contraction  of  the  frog  suspended  by  a 
copper  hook  from  an  irom,  stem  in  the  neighbourhood  of  an  electrical 
machine  in  action,  was  studied  by  Galvani  with  great  care.  He 
obeerved  that  the  contractions  took  place  when  the  extremities  of 
a  metallic  arc,  formed  of  two  different  metals  united  together, 
touched  at  one  point  the  nerves  and  at  the  other  the  muscles  of 
the  frog.  In  two  parts  of  his  Commentary ^  Oalvani  insists  on  the 
advantage  in  this  experiment  of  employing  a  metallic  arc  composed 

Fig.  108. 


of  two  different  metals  instead  of  one.  He  also  states  that  the 
contractionB  may  be  obtained  by  uniting  with  a  metallic  arc  two 
capsules  filled  with  water,  in  which  the  frog  is  so  disposed  as  to 
have  its  lumbar  nerves  in  one  of  the  capsules  and  its  legs  in  the 
other,  as  shown  in  Fig.  108. 

(84)  CNdrani's  Tlieorj  of  Animal  Bleotrldty. — Gkilvani 
supposed  the  existence  of  an  animal  electricity ;  a  nervous  flvid 
condensed  iu  the  interior  of  the  muscle.    The  nerve,  according  to 

l2 
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his  view,  wu  only  tlie  coDdnctor  of  tlie  ducharge  of  tiie  two  sIca-   I 
tricitiM  GOntuued  in  the  muscle ;  and  in  one  put  of  hie  Commas    I 
tary  he  expresal;  mjs  (Matteucci)  that  maaj  of  tha  ccatitMkm    | 
obtainedwith themetaUicaicaradiMfotAtfaYiitM^^.  Toeiplaintha 
action  of  the  alMtticoi  current  in  producing  muscular  eontiaottra*, 
OalTani  Bupposed  that  a  change  was  determined  in  parts  of  the  tmin. 
(85)  Tlie  IMlTaiioaoaplo  Vrog, — To  exhibit  the  experim«nto 
with  the  frog's  lege  generally,  llie  legs  of  the  frog  an  to  be  bft 
attached  to  the  apine  by  the  cruial  nerve*  alone,  and  then  a  copper 
and  ft  ante  wire  being  either 
twisted  or  soldered  together  at 
one  end,  the  nerves  are  to  be 
touched  with  one  wire  while 
the  other  is  to  be  applied  I0 
the  muBClea  of  tiie  leg.    The 
arrangemant  is  shown  in  1%. 
109.    The  frog  is  prepared  fm 
galvanoecopio  experiments  in     1 
the    following   manner:— A     I 
living  animal  is  selected,  two- 
thirds  of  the  body  just  belov 
the  front  pawe  are  cut  off,  and  the  bind  legs  and  pelvis  with  » 
piece  of  the  spinal  cord  are  preserved  and  sMnned ;  then  by  intro- 


ducing  the  Bciasora  between  the  lumbar  nerves  and  the  pelvift 
and  cutting  the  latter  in  two  placea,  we  obtain  the  frog  prejiwJ 
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fUr  OahanPs  plan.  It  is  fihown  in  Hg.  iia  In  order  to  employ 
he  frog  in  the  study  of  the  electric  current,  the  latter  must  be 
mmA  along  the  nervous  filaments  alone  of  the  frog.  For  this 
Hrpose  the  frog,  prepared  as  in  Fig.  no,  is  cut  in  half;  the  boue 
md  moscles  of  the  thigh  are  removed,  preserving  its  nerve  un- 
touched. In  this  manner  we  obtain  a  frog's  leg,  to  which  is  attached 
ilong  nervous  filament,  composed  of  the  lumbar  portions  of  the 
pelvis  and  the  crural  portion  of  the  thigh.  We  have  only  to  intro- 
duce this  leg  into  a  tube  of  varnished  glass  to  obtain  an  instrument 
very  sensible  to  the  passage  of  an  electrical  current.  It  is  shown 
iaFig.  III. 

Pig.  111. 


To  employ  this  kind  of  galvanoscope  the  glass  tube  is  taken  by 
the  end  opposite  to  that  into  which  the  lef^  of  the  frog  has  been 
introduced;  and  the  nervous  filament  which  is  hanging  outside  the 
tube  is  made  to  touch  the  two  points  of  the  electro-motive  element 
that  we  desire  to  study.  When  the  nervous  filament  is  traversed  by 
an  electric  current,  the  leg  is  seen  instantly  to  contract.  Two  pi(»ce8 
of  moistened  paper  may  be  placed  on  the  two  points  of  the  electro- 
motive element  to  avoid  any  irritation  of  the  nerve  by  direct  contact. 
(86)  Tlie  Dlscoverj-  of  Volta. — The  first  philosopher  who 
repeats  the  experiments  of  Galvani  was  the  celebrated  Volta. 
Having  verified  the  sensibility  of  the  frog  to  electrical  discbarge, 
he  applied  himself  to  the  experiments  with  the  metallic  arc ; 
he  ascertained  that  the  contractions  ensued  simply  on  touching 
with  the  extremities  of  the  metallic  arc  two  points  of  the  nervous 
filaments ;  he  discovered  that  it  was  possible  with  the  metallic  arc 
to  produce  sometimes  the  sensation  of  light,  sometimes  that  of 
taste,  by  applying  it  to  the  nerves  of  the  eye  or  tongue ;  and  from 
aU  his  experiments  he  drew  the  conclusion  that  the  muscular  con- 
tractioiiB  were  produced  by  the  irritation  of  the  nerves ;  that  this 
iixitation  may  produce  sometimes  «e7i9a^to7M,  sometimes  catitractions ; 

that)  lastly,  this  irritation  by  the  metallic  arc  was  occasioned 

he  electric  enrrent  developed  by  that  arc. 

''chBiau^ginedthatbjrtJie  contact  of  any  two  heterogeneoM  cow- 
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ductors,  an  action  is  developed  hy  wMch  the  two  bodies  lieoome 
charged  with  contrary  electricitiee  which  may  discharge  themaelTeB 
across  a  third  not  possessing  the  same  action  as  the  other  two. 

When  it  was  objected  to  this  hypothesis  that  a  homogeneom 
metallic  arc  was  sufficient  to  cause  contractions  in  the  fix)g,  Ydta 
replied  that  very  small  differences  in  the  extremities  of  tiie  are 
were  sufficient  to  produce  an  electric  current,  and  that  a  yeiy 
feeble  current  may  irritate  the  nerve  of  a  frog  sufficiently  to  ezdte 
contractions.  Thus  he  found  that  when  one  extremity  of  a 
metallic  arc  was  heated  and  the  other  notf  when  one  end  "ma 
polished  and  the  other  not,  sufficient  heterogeneity  was  occasioned 
to  excite  a  current  In  vain  did  Galvani,  Hum^boldt,  Aldini,  and 
others  oppose  to  Yolta  the  fact  that  without  any  metallic  arc  the 
frop:  may  be  made  to  contract,  viz.  by  simply  bending  back  the 
limb,  and  bringing  it  into  contact  with  the  lumbar  nerves ;  Yolta 
replied  that  it  was  only  to  generalise  his  theory  of  electro-motke 
force 'y  that  it  was  only  necessary  to  say  that  the  nerves  and 
muscles  of  the  frog  act  as  the  two  metals  of  the  arc,  in  order  to 
explain  the  facts  submitted  by  the  partisans  of  Galvani. 

Up  to  this  time  the  development  of  electricity  by  the  contact  of 
heterogeneous  metals  was  only  a  hypothesis  of  Yolta's.  It  was  in 
the  month  of  August  1796  that  he  obtained,  by  means  of  the 
condenser,  the  first  signs  of  electricity  developed  by  the  contact  of 
two  metals,  and  thus  laid  the  foundation  of  his  inunortal  discovery 
of  the  pile.  The  influence  of  this  discovery  over  nearly  all  the 
sciences^  and  the  rapidity  with  which  it  spread,  caused  all  opposi- 
tion on  the  part  of  Galvani  to  fall  into  oblivion,  and  for  fifty  years 
no  one,  save  in  a  historical  work,  ventured  to  make  any  mention 
of  animal  electricity. 

(87)  Matteuccra  Reaearobeai.  Tbe  MusenlAr  Slectrie 
Current. — Proof  of  the  existence  of  an  electric  current  circulating 
through  the  muscles  of  a  living  animal  is  obtained  by  introducing 
into  a  wound,  formed  in  a  muscle,  the  nerve  of  a  prepared  frog  in 
such  a  manner  that  the  extremity  of  the  nerve  shall  touch  the 
bottom  of  the  wound,  and  another  part  the  edge ;  the  frog*s  leg 
instantly  contracts.  The  muscular  current  may  be  detected  m 
animals  some  time  after  death,  but  when  it  has  once  ceased  it  cannot 
again  be  renewed.  It  is  found  in  wamv-  as  well  as  in  cold-blooded 
animals. 

Matteucci  constructed  a  muscular  pUe  with  which  he  succeeded 
in  giving  considerable  deflection  to  the  needle  of  the  g^vanometer. 
It  was  formed  thus : — Five  or  six  frogs  were  prepared  and  cut  in 
half  after  Galvani's  plan,  great  care  being  taken  not  to  injure  the 
muscle.     The  thighs  were  then  cut  in  half,  and  so  disposed  that. 
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each  half-tliigh  should  iouch  the  following,  the  faces  of  each  turn- 
ing the  same  way,  and  the  interior  of  one  coming  into  contact  with 
the  exterior  of  the  next ;  so  that  one  of  the  extremities  of  the  pile 
was  formed  of  the  interior  of  the  muscle  while  the  other  extremity 
was  formed  of  the  surface.  On  completing  the  circuit  through  the 
galyanometer,  a  deviation  of  the  needle  was  obtained  amounting 
to  1 5°,  20°,  30^,  40°,  60°,  according  to  the  number  of  half-thighs ; 
if  the  frogs  were  suffidently  active,  a  deviation  of  2°  and  4°  was 
obtained  with  two  elements ;  of  6°'  or  8°  with  four  elements  ;  of 
10°  or  12°  with  six  elements,  and  so  on,  the  direction  of  the  cur- 
rent being  from  the- interior  of  the  muscle  to  the  surface. 

Similar  experiments  were  made  with  slices  cut  from  eels, 
tenches,  and  other  fish ;  piles  were  also  built  up  with  slices  of 
muscle  cut  from  pigeons,  chicken,  oxen,  sheep,  &c.,  and  ample 
eyidence  was  obtained  to  prove  that  whenever  the  interior  of  the 
muscle  of  a  recently  killed  animal  is  brought  into  conducting  con- 
tact with  the  surface,  an  electrical  current  is  established  from  the 
interior  to  the  surface,  the  intensity  varying  with  the  animal,  and 
increasing  in  proportion  to  the  number  of  elements  of  which  the 
pile  is  composed.  It  appears  also  from  Matteucci's  experiments, 
that  the  lower  the  animal  in  the  scale  of  creation,  the  greater  is 
the  intensity  and  the  longer  tho'duration  of  the  muscular  current ; 
thus  from  three  piles,  each  of  eijght  elements,  one  formed  of  muscle 
of  rabbit,  the  second  of  muscle  of  pigeon,  and  the  third  of  muscle 
of  frogs,  deviations  of  the  galvanometer  needle  of  8°,  14°,  and  22° 
were  obtained.  One  hour  after  all  signs  of  an  electric  current  had 
disappeared  from  the  rabbit  pile,  a  deviation  of  2°  or  3°  was  ob- 
tained from  the  pigeon  pile,  and  one  of  8°  or  10°  from  the  frog 
pile ;  and  even  after  the  lapse  of  24  hours,  a  deviation  of  2°  or  3° 
was  obtained  from  the  latter. 

The  muscular  pile  acts  equally  well  in  atmospheric  air,  in 
oxygen,  in  highly  rarefied  air,  in  carhomc  acid,  and  in  hydrogen ;  in 
the  latter  gas  the  needle  of  the  galvanometer  remains  stationary 
for  several  hours.  This  nullity  of  the  action  of  the  different  gases 
is  considered  by  Matteucci  to  prove  that  the  origin  of  the  current 
is  in  the  nmsde  itself]  and  that  it  is  to  the  organisation  of  the 
muscle  and  to  the  chemical  actions  going  on  within  its  very  struc- 
ture that  the  current  depends,  he  considers  to  be  demonstrated  by 
the  fact  that  piles  built  up  oijibrine  separated  from  the  blood  of 
recently  killed  animals,  produce  no  action  on  the  galvanometer, 
and  do  not  affect  the  galvanoscopic  frog. 

If  a  prepared  frog  be  placed,  as  shown  in  Fig.  108,  with  its 
lumbar  nerves  plunged  into  one  capsule  filled  with  water,  and 
with  its  legs  placed  in  another,  the  circuit  being  completed  through 
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Fig.  xza. 


the  galyanometer,  the  bstniment  giyet  eridenos  of  an  electriol 
current  passing  from  the  feet  towards  the  head  of  the  animaL   His 

efiect  is  increased  when  aeveralfiragBan 
arranged  on  an  inwilated  aoj&oe  in  fhs 
manner  shown  in  fig.  1 12,  the  nerve  of 
each  frog  touching  the  legs  of  the  fill- 
lowing.  Eyerj  time  the  dzcoit  is  com- 
pleted the  needle  of  the  galyanametier 
moyes  and  the  limbs  of  the  frogs  con- 
tract. Mattencd  has  obtained  signs  of 
tension  at  the  two  extremities  of  his  mm- 
cular  piles ;  by^  the  aid  of  the  condfluer 
he  has  also  obtained  electro-dieinieil 
decomposition  by  the  ouizent  (CiMiyto 
RendiUj  April  14,  1845). 

If  the  spinal  cord  of  a  prepared  frog 
be  brought  into  contact  with  the  nmsdeo 
of  the  thigh,  contraction  tahes  plaoe. 
By  empbying  a  galvanometer,  sad 
touching  with  one  pole  the  leg,  and  with 
the  other  the  thigh,  Matteucci  obtained 
Indications  of  a  current  directed  from 
the  leg  to  the  thigh,  and  from  that  lij 
the  nerye  to  the  other  thigh. 

The  general  conclusions  deduced  \sj 
Matteucci  from  a  long  course  of  experi- 
ments are — 

X.   That  the  complete  electro-^notiyB  ele- 
ment of  the  current  of  the  frog  is  formed  by 
one  of  its  limbs — ^that  is  to  say,  of  a  leg,  a 
thigh,  its  spinal  nerve,  and  a  piece  of  the  spine. 

2.  That  through  each  of  the  limbs  of  a  frog  there  circulates  the  current 
of  the  other  limb,  whenever  the  two  legs  are  made  to  touch. 

3.  That  in  experiments  with  the  galvanometer  we  only  get  through  the 
wire  of  the  instrument,  the  current  which  results  from  the  sum  of  those  two 
portions  of  the  current  of  the  two  limbs  which  do  not  discharge  from  limb 
to  limb. 

Then  as  to  the  parts  of  the  frog  which  are  necessary  for  the 
production  of  what  Matteucci  calls  the  current  proper,  and  to  the 
circumstances  anatomical  and  physiological  according  to  which  its 
intensity  varies,  his  experiments  lead  him  to  the  following  con- 
clusions : — 


I.  That  the  current  proper  of  the  frog  persists  in  its  intensity  and  direc- 
tion without  the  spinal  cord,  or  the  spinal  and  crural  nerves,  and  even  when 
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thg  ulniil  is  dqirlvgd  of  all  the  viail 
BUI  or  tba  thigh. 

a.  That  the  electia-motlTe  dement  of  thii  eiurei 
maMla  of  th«  leg  and  of  tb<  thigh  OTganicsIlj  united. 

3.  When  then  ia  left  in  the  piepored  frog  tha  apinal  cord, 
lhair  niniflcatloDS  throagh  the  mnaeler,  thew  nerroui  p&rte 
dnetion  of  the  eairent  in  the  aame  manner  u  the  miucular  t\ 


OlameDta  af  the  muscular 


ii  confiutd  to  the 


.beUuce 


(88)  Ba  Sola  a«7i>MB4**  S«M«r«Iiea. — According  to  Du 
-  BcHS  Beymond  (^nn.  dtr  I^yiick  und  Chttnie,  Bd.  Iviii.),  el«o- 
:  tnenl  cunenta  id  tU  ra«pecta  rimilar  to  &6  eo-cailei  frog  eurreHt 
mtkj  be  observed  in  the  limb  of  any  animal,  whether  cold-  or 
mrm-Uooded ;  these  ciUTente  in  some  limbs  ore  directed  upwards, 
U  in  the  frog's  leg ;  in  others  the;  kk  directed  dowowards ;  they 
ftie  of  difierent  intensitieB  in  difierent  limbs ;  but  their  intensity 
mnd  dit«clioii  are  always  the  same  in  the  some  limb  of  different 
individuals  of  the  same  apecies. 

The  electro-motiTe  actioD  on  which  these  currents  depend  does 
not,  according  to  Du  Bois  lieytnond,  arise  from  the  contact  of 
li«tsrogeneou.<i  tissues,  as  Volta  suppoaed,  for  the  different  tissueH, 
the  nerves,  muscles,  and  tendons,  are  in  an  electrical  point  of  view 
quita  homogeueons,  but  they  are  produced  by  the  muscles. 

If  the  uudiaseet«d  muscle  of  any  animal  be  brought  into  the 
ciicuit  lODgiiudinally,  it  generally  exhibits  an  electro-motive  action, 
the  direction  of  which  depends  on  the  position  of  the  muscle  on 
the  ends  of  the  galvanometer  circuit. 

By  longttudiruU  tectum  of  a  muscle,  Du  Bois  Beymond  under- 
stands a  surface  formed  only  by  the  side*  of  the  tihrea  of  the 
miiBcleB  considered  u  prisma.  By  tramnifrta  lection  of  the  muscle, 
be  understands  a  sur&ce  formed  by  the  bate  of  the  fibres  of  the 
musclM  Sigain  considered  as  prisms.     Both  the  transverse  and  the 
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longitudinal  section  may  be  either  artificial  or  natural  ones.     Thus, 
in  ^g.  113,  a  section  ^ough  a  b  would  be  an  ortiScial  ir 
one,  and  a  section  through  cdaa  artificial  longitudinal  01 
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A  natural  transverse  section  is  at  each  end  of  the  mnscle  foimed 
by  tlie  ends  of  all  the  fibres,  and  hidden  beneath  a  coatii^  ii 
tciiiiiiiDUd  tissue,  which  is  in  connection  with  the  tendon  itnl^ 
and,  in  an  electrical  point  of  view,  plays  the  part  of  an  indiflbnut 
CDnductiiigbody  {e,f,  g,  h  in  the  fi^pire).  The  naturai  kmffkuimd 
section  of  the  muscle  is  that  part  of  its  external  surfiice  wliidi 
extends  from  one  natural  transverse  section  to  the  other,  being 
free  from  the  tendinous  coating,  and  exhibiting  the  red  colour 
peculiar  to  muscles  (/,  A,  e,  g  in  the  figure). 

The  law  of  the  muscular  current  may  be  shortlj'  expressed  as 
follows : — 

Any  point  of  the  natural  or  artificial  longitudinal  section  of  the  miude 
'lA  pttsitivt  in  relation  to  any  point  of  the  natural  or  artificial  tnuurene 
section. 

It  is  easy,  therefore,  to  understand  why  the  muscular  currait 
in  one  instance  appears  to  be  an  upward  and  in  another  a  doint- 
ward  one,  according  as  the  under  or  the  upper  of  the  two  transvene 
sections  is  made  to  touch  one  of  the  ends  of  the  galvanometer  wire, 
while  the  other  end  is  applied  to  the  longitudinal  section  of  the 
muscle.  Again,  according  to  this  law,  every  particle  of  a  mufide, 
however  minute,  ought  to  produce  a  current  in  the  same  maimer 
as  the  whole  muscle,  or  as  a  larger  piece  of  it.    This  consequence 

Tig.  Z14. 
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is  true,  even  as  regards  shreds  of  muscle  consisting  of  only  a  few 
primary  fibres.  Fig.  1 14  represents  the  simplest  case  of  the  mus- 
cular current  observed  by  Du  Bois  Reymond,  the  primary  fibres 
being:  magnified  75  times. 

The  nerves,  according  to  Du  Bois  Reymond's  observations,  are 
possessed  of  an  electro-motive  power  which  acts  according  to  the 
same  law  as  the  muscles.  Whilst  still  in  organic  connection  with 
the  muscles,  and  forming  part  of  a  circuit  in  which  the  muscles 
give  rise  to  a  current,  the  nerves  simply  play  the  part  of  an  in- 
active conductor,  provided  their  own  current  be  prevented  fiom 
entering  the  circuit. 

In  these  delicate  investigations  it  is  necessary  to  guard  against 
errors  which  might  be  introduced  by  the  chemical  action  of  the 
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.;  aJine  solutioiis  on  the  animal  fluids.    Matteucci  employed,  as  the 

£.  tenninalfl  of  his  galvanometer,  plates  of  amalgamated  zinc  plunged 

21  faito  a  neutral  and  saturated  solution  of  sulphate  of  zinc,  a  liquid 

-.  w^ieh,  whilst  it  is  an  excellent  conductor,  does  not  act  chemically 

•u  on  animal  tissue.    Du  Bois  Reymond's  plan  consisted  in  laying 

_r  ihm  muscle  or  nerve  to  be  experimented  upon  between  two  pads 

2:  oomposed  of  numerous  layers  of  thin  filtering  paper  saturated  with 

X  the  saline  solution,  and  laid  over  the  edges  of  the  vessel  in  which 

the  platinum  terminals  of  the  galvanometer  were  immersed,  the 

n^niTn«.1  substance  not,  however,  being  in  direct  contact  with  the 

nunstened  paper,  but  separated  £rom  it  by  a  small  piece  of  moistened 

Uadder  soaked  in  white  of  egg ;  this  prevents  any  chemical  action 

"between  the  saline  solution  and  the  animal  fluids,  but  does  not 

stop  the  current.    During  the  interval  between  the  experiments 

the  two  pads  are  connected  by  a  third,  the  object  being  to  keep 

the  circuit  closed,  and  allow  any  polarisation  of  the  platinum 

plates  that  may  have  taken  place  to  neutralise  itself. 

(89)  Pbyaioloffleal  Pnenomena  produced  by  a  Muade 
AvTliiff  Contraction. — ^If  the  nervous  filament  attached  to  the 
leg  of  a  prepared  frog  be  made  to  touch  the  thighs  of  another  frog, 
both  iBSulated,  and  if  the  lumbar  nerves  of  the  latter  be  touched 
with  a  voltaic  pair,  contraction  takes  place  not  only  in  the  muscles 
of  the  frog  touched,  but  also  in  the  leg  of  the  other.  The  same 
thing  happens  if  the  lumbar  nerves  be  irritated  with  a  pointed 
instrument,  contraction  always  taking  place  in  the  second  frog, 
provided  the  contraction  in  the  muscles  of  the  first  be  sufficiently 
strong.  The  same  experiment  may  be  successfully  performed  with 
a  rabbit.  Matteucci  found  that,  when  the  nerve  of  a  prepared 
frog's  leg  was  laid  on  the  bared  muscle  of  the  thigh  of  a  living 
rabbit,  and  the  latter  made  to  contract  by  a  pile,  contraction  was 
at  the  same  time  produced  in  the  leg  of  the  frog.  If  a  thin  plate 
of  an  insulating  substance  be  interposed  between  the  muscle  and 
the  nerve*,  no  contractions  are  excited  in  the  second  frog,  but  they 
are  not  prevented  by  a  layer  of  thin  unsized  paper ;  the  phenomenon 
cannot  tlierefore  be  attributed  to  any  mechanical  action  exercised 
on  the  leg  by  its  nerves. 

Becquerel  supposed  that  at  the  instant  the  frog  contracts  there 
is  an  electrical  discharge  through  the  extremity  of  the  nerve  of  the 
leg  when  this  extremity  is  placed  on  the  muscle,  but  Du  Bois  Key- 
mond  offered  another  explanation,  founded  on  the  following  law : — 

*  When  any  point  of  the  longitudinal  section  of  a  muscle  is  connected  by 
a  conductor  with  any  point  of  the  transw^se  section,  an  electric  current  is 
established  which  is  directed  in  the  muscle  from  the  transverse  to  the  long^i- 
todinal  section ;  in  other  words,  the  real  seats  of  the  electro-motive  action 
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ar>  r.  :  olv  th«  wptantc  moscles  which  compose  the  llmbsy  but  the  mfmit 

3.  rc9  wh:.-h  ivmpoM  those  mosdei.* 

If  '.he  iransrerse  and  longitudinal  section  of  a  muscle !» in  an 
way  <r>^nr.ec!ed  hv  the  nerve  of  the  prepared  limb,  a  cuirent  will 
-.-r.vt-rd  thrt^iurh  ihe  said  oerre  from  the  latter  section  to  & 
•?Tiv.vT.  This  current  announces  itself  by  the  contraction  of  the 
niuM?le  of  the  prepared  limb  on  first  makiny  contact.  The  ooh 
:r.tc:i.<n<  Cfa^e  when  the  current  is  hxrly  established  in  the  nem, 
ar.i  ^>n  breaking'  the  circuit  they  are  again  observed.  Bat  it  v 
::.:  or.  the  cl^»sinf  or  the  breaking  of  the  circuit  alone  that  the 
0  >niractions  are  produced ;  every  sudden  fluctuation  of  the  cnneot 
:rHver«ini:  the  nerve  is  accompanied  by  contractions.  Appl^ 
::::s  to  the  observation  of  Matteucci,  we  find  that  the  cuiient  i 
xh'}  imi5ole  ajainst  which  the  nerve  of  the  prepared  limb  rail 
ciroulAtes  throuirh  the  said  nerve.  AVlien  the  muscle  is  tetaimed, 
this  cuiT^nt  is  diminished  at  each  convulsive  effort^  and  its  floctoi: 
ti  .'IIS  are  answered  bv  corresponding  contractions  of  the  prepued 
limb.  In  ivplv  to  this,  Matteucci  denies  that  the  nerve  touches 
tw-.^  p^irtions  of  the  muscle  in  the  manner  described  by  Du  Boil 
Kevmoiid.  but  the  Paris  academicians  seem  to  have  been  satisfied 
with  the  explanation,  for  they  came  to  the  decision  that  the  aboTB 
tuiidanieutal  fact  furnishes  a  direct  explanation  of  the  induced  cent' 
traction  of  Matteucci. 

(90 )  Action  of  tbe  Bleetiio  Current  on  tlie  Verreaofllie 
Senses. — The  electrical  current,  when  it  acts  on  the  nerves  of  the 
senses  only,  briug^  into  play  the  special  action  appertaining  to  each 
'^f  these  nerves,  a  proof  that  the  electric  current  acts  merely  as  other 
stimulants. 

It  was  Volta  who  first  demonstrated  the  existence  of  a  sensation 
of  light  when  the  electric  current  traverses  any  point  of  the  optic 
nerve.     The  experiment  is  easily  made  by  touching  with  a  voltaic 
couple  the  eye  or  eyelid  and  the  tongue.    Whatever  may  be  the 
intensity  of  the  current,  it  is  only  the  sensation  of  light  that  is 
perceived.     If  we  reflect  that  this  sensation  may  be  produced  by 
a  very  feeble  current,  and  one  certainly  incapable  of  exciting  a 
muscular  contraction  suliiciently  strong  to  shaie  the  eye,  it  must 
be  admitted  that  the  effect  is  really  to  be  ascribed  to  the  excitation 
of  the  optic  nerve.     An  analogous  phenomenon  is  produced  when 
the  current  is  made  to  act  on  the  auditory  nerves.    Volta,  on 
applying  the  two  poles  of  a  pile  to  his  two  ears,  experienced  a 
hissing  or  jerking  noise,  whicji  continued  all  the  time  the  circuit 
remained  closed.    According  to  Kilter,  the  sensation  is  only  ex- 
perienced at  the  commencement  of  the  current,  and  the  noise  is 
sharper  at  the  negative  pole. 
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Again,  in  the  ezperiment  of  Sulmr,  a  taite  is  experienced  when 
AstoogaeistrayerMdbyanelectriGaleiiiTent  Thia  taste  u  aourUh 
'when  a  piste  of  nne  is  placed  at  the  hue  of  tlie  oigan  and  a  plate 
of  flilTBr  cm  the  rar&oe,  the  two  plates  being  hronght  into  contact ; 
bf  xereiBing  the  position  of  the  plates  the  taste  becomes  alkaline, 
Inft  this  feeble  intensity  cuiient  cannot  be  supposed  to  decompose 
the  salts  contained  in  the  saliva.  A  similar  sensation  was  expe- 
nnoed  by  Yolta  by  taking  in  his  hand  a  goblet  of  pewter  filled 
vith  a  moderately  alkaline  solution,  and  bringing  the  ba§e  of  the 
tongue  into  contact  with  the  liquid.  The  taste  was  §our,  which 
eidndes  the  idea  that  it  was  occasioned  by  the  contact  of  the 
tlkaline  liquor  with  the  tongue.  It  seems  evident,  therefore,  that 
die  taste  excited  by  the  electric  current  must  be  owing  to  the 
•pedal  excitation  of  the  gustatory  nerves.  In  general,  then,  the 
eflect  of  a  current  acting  on  the  nerves  of  the  senses  is  to  awaken 
fiiespedal  function  of  these  nerves. 

The  passage  of  an  electric  current  through  the  cardiac  and 
tfltmdMgue  nerves  of  a  living  or  recently-killed  animal  increases 
or  arouses  l^e  motion  proper  of  the  heart  and  intestines,  but,  what 
ii  very  renuirkabb,  the  phenomenon  due  to  the  passage  of  the 
eorrent,  instead  of  commencing  at  the  yery  instant  that  the  circuit 
is  cloeed,  only  begins  after  a  certain  time,  and  continues  for  some 
time  after  the  current  has  ceased.  Tt  must  not  be  forgotten  that 
all  other  stimulating  agents,  viz.  alkalies,  mechanical  irritAtions, 
or  heat,  applied  to  the  ganglion  nerves,  act  in  the  same  manner 
as  the  electrical  current. 

(91)  Productioii  of  an  Bleotric  Current  by  Mas- 
eular  Contraetlon. — If  it  be  granted  that  the  muscular  cur- 
rent is  developed  in  the  muscle  itself,  it  can  scarcely  be  doubted 
that  it  is  in  a  state  of  circulation  during  the  life  of  the  animal. 
On  connecting  the  transverse  and  longitudinal  sections  of  a 
muscle,  an  electrical  current  appears ;  but  such  a  connection  exists 
naturally  in  the  body,  and  hence  the  influence  that  such  currents 
are  perpetually  present  is  a  fEur  one,  the  current  indicated  by  the 
galyanometer  being  in  fact  but  one  of  the  branches  of  the  pre- 
existing current.  Du  Bois  Reymond  placed  a  live  frog  with  its 
two  legs  dipping  into  two  vessels  filled  with  salt  and  water,  and 
connected  with  either  extremity  of  a  galvanometer.  Now  it  was 
long  ago  shown  by  Nobili  that  a  current  exists  in  the  frog  directed 
from  the  foot  upwards,  but  in  the  present  case  there  are  two  such 
currents,  one  at  each  foot,  which  meet  at  the  junction  of  the  limbs, 
annul  each  other,  and  consequently  produce  no  effect  on  the  galva- 
nometer. But  suppose  one  of  these  currents  to  l)e  enfeebled,  while 
the  other  retains  its  full  strength ;  the  result  will  be  that  the 
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exceM  of  the  Uttei  current  ihoiild.  pradnea  ■  deflection.   StBi 
Itoymond,  wcoTdinglj,  wTered  the  iiMatie  nrare  of  owrfk 
frog's  lega,  and  thuR  deprived  the  limb  of  all  pcnrar  rf  n 
thon  poisoned  it  with  BtryehniA— etnmg  conTiiIid(n«Mcmi;til 
uninjuied  limb  contracted  Tiolently,  ite  miuenlai  esnait 
thareb;  diminiBbed,  and  the  current  of  the  other  limh  ww  n 
diately  ezbibited  bj  Ihe  galvanometer. 

I)u  Bois  Itejimond  then  tried  the  experiment  on  h 
plnced  the  fint  finger  of  hia  right  hand  in  one  Teoeal,  ml  ttl  I 
coireepoiiding  finger  of  the  1^  hand  in  Qia  other ;  hit  n- 
stead  of  cutting  his  nerras,  aa  in  the  caee  of  the  frog,  he  k  ~ 
the  left  arm  to  remain  at  rest,  and,  contracting  the  other  ta 
produced  a  deflection  of  the  needle  ;  when  the  left  aim  ww  «•■ 
tnicted,  and  the  right  one  Bufiered  (o  remain  at  rest,  the  Dssdli 
wiLs  deflected  in  the  opposite  directiun.  The  current  aim;*  [R-. 
CPfded  from  the  hand  of  the  contraetad  arm  to  tht  tAouUer ;  IhI 
ri-mombering  the  fact  that  it  is  the  exceet  of  the  eiurent  of  tb 
iiintiouless  arm  which  ia  here  obeerred,  the  in&rence  is  thit  il 
the  DonusJ  state  of  the  arm  the  direction  of  the  cuirmtiijhM 
the  thouldfr  to  the  hand. 

(92)  neetrlo  WUttM.—7%a  Torpedo.— Thore  am  b 

ableiiatuioeeaf  thegensn- 
Fie.  115.  tion  of  eloctriedty  in  Btiiig 

animals,  to  whom  the  ponK  I 
seems  principallyto  be  giTMi 
as  a  means  of  defence.  Of  ' 
these  animala  the  rota  ttt- 
pedo  appears  to  have  bus 
noticed  at  a  Yory  earij 
period,  since  we  find  t 
description  of  its  popertiM 
in  the  writings  of  Plin;, 
Appian,  and  others.  It  in- 
halntB  the  Mediterranean 
and  North  Seas;  its  weight, 
when  fiilly  grown,  is  about 
eighteen  or  twenty  pounds. 
Fig.  115  ig  a  npnwntitiia 
of  a  female  torpedo,  the  aldsa 
having  been  flxyad  fron  tbt 
under  guifkce  i^  tbe  flih  ti 
■how  the  dtettie  aryam*  A.  Ih 
mouth,  having  the  form  of  acreacenC,  la  abown  at  d\  the  branuhUI  ips- 
turea,  five  In  nnmber,  at  e i  ggg  the  place  oF  the  interioT  tramvem  ai>>' 
tagea;  A  A  the  exterior  margin  of  the  great  Ut«ial  fin  ;  i  ila  jnna  marKtao 
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Qcnfines  of  the  electrical  organ ;  I  the  abdomen  ;  m  m  the  place  of  the 

transveiBe  cartilage,  which  is  single,  united  with  <  the  spine,  and 

<^^^H«ii8  the  smaller  lateral  fins  nn  on  each  side ;  o  is  the  anus,  and  p  the 

»^^  of  the  talL    Each  electrical  organ  is  about  5  inches  long  and  about  3 

broad  at  the  anterior  end  and  half  an  inch  at  the  posterior  extremity. 

organ  consists  wholly  of  perpendicular  columns  reaching  from  the 

^fper  to  the  under  surface  of  the  body,  and  varying  in  their  lengths  accord- 

^ag  to  the  thickness  of  the  parts  of  the  body  where  they  are  placed.    The 

Xnngnnt  colunm  is  about  i^  inch,  the  shortest  about  ^  of  an  inch,  and  their 

diameter  about  ^  of  an  inch.    This  figures  of  the  columns  arc  irregular 

htaukgooB  or  pentagons,  and  scnnetimes  have  the  appearance  of  being  quad- 

nngnlar  or  cylindrical.    The  number  of  columns  in  the  fish  examined  by 

John  Hnnter  was  470  in  each  organ  ;  but  in  a  very  largo  fish,  4^  feet  long 

and  weighing  73  pounds,  the  number  was  1,182  in  each  organ.   The  number 

of  partitions  in  a  colunm  one  inch  long  was  150. 

The  torpedo  must  be  irritated  to  cause  it  to  give  a  shock,  in  the 
deHvery  of  which  it  moyes  its  pectoral  fins  convulsively ;  the  shock 
is  felt  on  touching  the  fish  with  a  single  finger,  and  it  can  give  a 
long  series  of  shocks  with  great  rapidity.  When  the  torpedo  is 
placed  on  a  metallic  plate,  so  that  the  plate  touches  the  inferior 
siuface  of  the  organs,  th^  liand  that  supports  the  plate  never  feels 
any  shock,  though  another  insulated  person  may  excite  the  animal 
and  the  convulsive  movement  of  the  pectoral  fins  may  denote  the 
strongest  and  most  reiterated  discharges ;  direct  contact  with  the 
electrical  organs  of  the  fish  is  in^pensahly  necessary  for  the  re- 
ception of  the  shock,  hut  the  torpedo  has  not  the  power  of  direct- 
ing its  electrical  discharge  through  any  particular  ohject. 

By  passing  the  discharge  from  a  torpedo  through  a  spiral  of 
copper  wire  enclosing  a  steel  needle,  the  needle  becomes  magnetised 
in  such  a  manner  as  to  show  the  direction  of  the  current  to  he 
from  the  hack  to  the  under  part  of  the  belly.  Heating  and 
chemical  effects  have  likewise  heen  obtained.  According  to  the 
experiments  of  Matteucci — i.  All  the  dorsal  parts  of  the  electrical 
oigan  are  positive  to  all  the  ventral  parts.  2.  Those  points  of  the 
organ  on  the  dorsal  face  which  are  above  the  nerves  which  pene- 
trate this  organ  are  positive  relatively  to  other  points  of  the  same 
dorsal  face.  3.  Those  points  of  the  organ  on  the  ventral  face  are 
negatiye  relatively  to  other  points  of  the  same  ventral  face. 

The  Oymnotits, — ^This  electrical  fish  is  a  native  of  the  warmer 
regions  of  America  and  Africa.  There  are  several  species  of  the 
gynmotus,  hut  only  one  is  electrical.  In  general  aspect,  it  very  much 
resembles  an  eel — ^the  body  is  smooth,  and  without  scales  (a  peculi- 
arity of  all  electrical  fishes).  The  electric  organs  consist  of  alterna- 
tions of  different  substances,  and  are  most  abundantly  supplied  by 
nerves ;-  their  too  frequent  use  is  succeeded  by  debility  and  death. 
The  electric  organs  may  be  removed  without  injury  to  the  fish. 
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at  KnDtcr"!  enfrnTiDK  of  tlie  gymaatUL,  nd  Hf'  °I  I 
a  fine  apadniBn  which  ww  Ak-  mu  liDiii   | 
the  pcHHRon  of  the  pn^rieton  of  the  Boykl  Palytechnlo  Ii 
Huntai'*  sngnvjng  tlia  bUii  ii 
FjjF.  1 16,  lenjored  to  show  ihe  ■trnctozfl 

of  the  fiiA  1  a  ig  the  loirer  mr- 
fnce  of  the  bead ;  e  tho  uTity 
orthebellj-)  AthflUiM;  (the 
back  where  tbs  aUii  remaini ; 
g  g  tbe&Q  along  the  lower  edge 
of  the  flab  ;  (  (  the  lateral  miu- 
clei  of  this  fln  remoTsd  and 
laid  back  with  tbe  bUd  Co  ei- 
jKiiK  tbs  email  orgami  I  put 
of  tbe  miude  left  in  ita  place ; 
/  /  the  large  electrical  oigan ) 
A  A  Ibe  small  electrical  or- 
l-ans !    ■■  n  M  tbe  subetaDoe 

)!BD9  ;  and  n  the  place  where 
tbe  inbetance  ia  removed. 
Tbeee  organs  form  more  than 
ooe-thlrd  f^  the  whole  fish. 
The  two  eiectiical  organs  are 
s^arated  at  the  upper  part  bf 
the  BiTudoi  of  tbe  bw^k,  at  tbe 
lower  part  by  the  middle  par- 
titioD,  and  1^  Ibe  air-bag  at 
the  middle  part 

The  electrical  oiganB  conaiat 
of  two  parts,  viz.  flat  partitions 
or  eepta,  and  Ibin  plates  or 


lorallel 


:ion  of  t! 


fish'e 


li'n(it''t  Bnd  as  broud  a 
Bemi-diameler  of  tbe  animal's 
body.  They  vary  in  length, 
some  of  them  bttnc  as  long  as 
the  whole  body.  Tbe  veiy  thin 
plates  which  intersect  the  septa 

the  distance  between  an;  two  septa.  There  ia  a  regular  series  of  these  pl>t» 
from  one  end  of  any  two  septa  to  the  other  end,  a+o  of  them  oMupyiog  » 
single  inch. 

The  electiic  organ  of  the  gjmnotus  dependa  eotirely  on  ita  will 
It  does  not  keep  ita  orgBns  always  charged,  and  it  can  direct  iU 
acdoQ  towards  the  point  where  it  feels  itself  most  Btron^Ij  irri- 
tated. When  two  persons  hold  hands,  and  one  touches  the  fisk 
with  his  free  hand,  the  shock  is  conunonl;  felt  hj  both  at  onM. 
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donally,  howeyer,  in  the  most  severe  shocksy  the  person  who 
lies  into  immediate  contact  with  the  fish  alone  receives  it. 
A  fine  specimen  of  this  remarkable  fish  was  for  some  time  in 
aeesion  of  the  proprietors  of  the  late  Gtdlerj  of  Practical  Science 
A.delaide  Street,  and  was  made  the  subject  of  some  interesting 
Mximents  by  Faraday  {Ex.  Researches,  15th  series,  1838).  This 
I  "was  forty  inches  long.  It  remained  in  a  healthy  and  vigorous 
idition  till  March  1842,  when  it  died  from  the  effects  of  a  nip- 
»  of  a  blood-vessel. 

z.  Ths  Shock. — ThiB  was  very  powerful  when  one  hand  was  placed  on 
I  body  near  the  head,  and  the  other  near  the  tail.  It  was  like  that  of 
Uurge  Leyden  battery  charged  to  a  low  degree ;  and  f;reat  as  was  the 
rce  of  a  single  discharge,  the  fish  was  able  to  give  a  double  and  even  a 
.pie  shock  with  scarcely  a  sensible  interval  of  time.  From  some  compara- 
'«  experiments,  Faraday  thought  it  may  be  concluded  that  a  single  medium 
ichazge  of  the  fish  was  at  least  equal  to  that  of  a  Leyden  battery  of  fifteen 
rt,  oontaining  3,500  square  inches  of  glass  coated  on  both  sides,  and 
aig«d  to  the  highest  degree. 

a.  TT^e  Spark. — ^Throuf^h  the  upper  cap  of  a  glass  globe  a  copper  wire 
IS  paiwed,  a  slip  of  gold  leaf  being  attached  to  its  extremity  ;  a  similar 
ire  tanniiuiting  in  a  brass  ball  within  the  globe  was  passed  through  the 
wer  oap.  The  gold  leaf  and  brass  ball  were  brought  into  all  but  actual 
otaet ;  the  fish  being  provoked  to  discharge  through  the  wires,  the  gold 
if  was  attracted  to  the  ball,  and  a  spark  passed. 

3.  G^emieal  Decompontion. — Polar  decompoflition  of  iodine  of  potassium 
■s  obtained  by  moistening  three  or  four  folds  of  paper  in  the  solution,  and 
adng  them  between  a  platinum  plate,  and  the  end  of  a  platinum  wire 
onected  respectively  with  two  saddle  conductors  grasping  the  body  of  the 
h.  The  middle  of  the  fish  was  found  to  be  negative  to  the  anterior  parts 
td  pomtive  to  parts  towards  the  taiL 

4.  3faffneiie  Effeett. — By  causing  the  fi^h  to  send  powerful  discharged 
roogfa  an  instrument  of  no  great  delicacy,  a  deflection  of  the  needle 
tunmting  to  30°  was  produced ;  the  deflection  was  constantly  in  a  given 
rectlon,  the  electric  current  being  always  from  the  anterior  parts  of  the 
imal  through  the  galvanometer  wire  to  the  posterior  parts.  When  a  little 
liXy  containing  twenty-two  feet  of  silked  wire  wound  on  a  quill,  was 
it  into  the  circuit,  and  an  annealed  steel  needle  placed  in  the  helix,  the 
edle  became  a  magnet,  and  the  direction  of  its  polarity  in  every  case  in- 
cated  a  current  firom  the  anterior  to  the  poeterior  parts  of  the  gymnotus 
rough  the  conductors  used. 

When  a  number  of  persons  all  dip  their  hands  at  the  same  time 
ito  the  water  in  the  vessel  in  which  the  gymnotus  is  confined, 
ley  all  receive  a  shock  of  greater  or  less  intensity  when  the  fish 
iacharges,  proving  that  all  the  conducting  matter  round  the  fish 
B  filled  at  the  moment  with  circulating  electric  power  resembling 
generally  in  disposition  the  magnetic  curves  of  a  magnet.  The 
i^ymnotns  feeds  on  other  fish,  which  it  kills  by  giving  them  a  shock ; 
t^  it  does  by  forming  a  coil  round  the  fish,  so  that  it  should  re- 
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prt'sent  a  diameter  across  it.  Living,  as  the  gymnotiu  does,  in  thi 
midst  of  such  a  good  conductor  as  water,  it  seems  at  first  mrjn' 
iug  that  it  can  sensibly  electrify  anything ;  but  in  fact  it  ii  Ai 
very  conducting  power  of  the  water  which  favours  and  inereiM 
the  shock  by  moistening  the  skin  of  the  animal  through  whicli  tki 
^ymnotus  discharges  its  battery. 

The  iSilurus  Eiectricus. — This  fish  is  shown  in  Fig.  1 18.    It  k 
found  in  the  Senegal,  the  I^ger,  and  the  Nile.    It  is  about  twenty 

Fig.  1x8. 


inches  long.  The  shocic  is  distinctly  felt  when  it  is  laid  on  one 
hand,  and  touched  by  a  metallic  rod  held  in  the  other.  Its  eko- 
trical  orgoiiS  are  much  less  complicated  than  those  of  other  electn- 
col  fishes.  Otlier  known  electrical  fishes  are  the  tetraodon  eiectriaOj 
found  in  the  Canary  Islands,  and  the  trichianu  dectricm,  wUch 
inhabits  the  Indian  seas ;  several  others  have  been  met  with,  hat 
not  hitherto  actually  described. 

(93)  Blectrioity  of  Plants. — The  following  conclusions  were 
arrived  at  by  Wartmann  {Bibliothigue  Univertelle  de  Oenhe,  Dee. 
1850),  after  an  investigation  continued  for  two  years: — 

1.  Electric  currents  are  to  be  detected  in  all  parts  of  vegetables  but  thoce 
furnished  with  isolating  substances,  old  bark,  &c  &c 

2.  These  currents  occur  at  all  times  and  seasons,  and  even  when  the  por- 
tion examined  is  separated  from  the  body  of  the  plant,  as  long  as  it  continiies 
moist. 

3.  In  the  root'',  stems,  branches,  petioles,  and  pedancles  there  exists  a 
central  descending  and  a  peripherical  ascending  current ;  Wartmann  caUs 
them  axial  currents . 

4.  Lateral  currents  may  be  detected  passing  from  the  layers  of  the  stem 
where  he  liber  and  alburnum  touch  to  the  surrounding  parts. 

5.  In  the  leaf  the  current  passes  from  the  lamina  to  the  nerves,  as  well  as 
to  the  central  parts  of  the  petiole  and  stalk. 

6.  In  the  flowers  the  currents  are  feeble.  They  are  very  marked  in  the 
succulent  fruits,  and  in  some  kinds  of  grain  ;  the  currents  from  fruits  pro- 
ceeding in  most  cases  from  the  superficial  parts  to  the  adjacent  organs.  The 
strength  of  the  currents  depends  on  the  season ;  they  are  greatest  in  the  spring, 
when  the  plant  is  bathed  in  sap. 

7.  Currents  can  also  be  detected  proceeding  firom  the  plant  to  the  soil, 
which  is  thus  positive  with  relation  to  it,  and  currents  are  also  manifested 
when  two  distinct  plants  are  placed  in  the  circuit  of  the  rheometer. 

These  results  were  confirmed  by  Becquerel  {Comptes  Bendufj 
Nov.  4,  1850).     lie  ascertained  particularly  the  detenninatioD 
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[ebctrical  ciiTrenta  from  the  pithrf  &«00d  to  tlMl»rk,iriiieli 
I  that  the  earth  in  the  act  of  TBgitrtfaa  eoattiniuUr  aoqidns 
,.  Mas  of  poaitive  electricity ;  &ai.  the  panoelTBis  of  the  htak 
l»  p&rt  of  the  wood  an  exceas  of  nogstin  dwbnei^,  whish  ia 
■nutted  to  the  air  by  tneaiu  of  tha  Tftpon  of  azhabd  watot ; 
Md  ihs  oppoaite  etectiicAl  Bt&tes  of  ngalalilM  and  the  «afth  gin 
mua  to  think  that,  from  the  enmnaiia  TifiMatiDa  in  loma  parta 
i/tl»  globe,  they  moat  exert  soma  hiflmmne  on  the  aleottie  pb^ 
iiw°"w  of  tlie  atmosphere. 

Flashes  of  hgbt  ha-re  been  aeen  to  ha  rnirittmi  fron  ma^  flowery 
pnocipally  oran^f-coloared  £owe(^  aaon  after  annaet'Oii  anltiy 
d&ys;  this  phenomena  was  diligtntlT' atodied  hj  Zawadaki;  be 
ooiicad  that  it  ocomred  moat  freqtmlllj'  in  the  Buntlia.ef  July 
■ad  August,  and  he  observed  that  the  Mma  flcnrar  ffiachargsd  a 
imaiber  of  flaalieB  in  aaceeaeioD. 

Pouillet  made  the  foUoning  exparinMBt^firam  which  he  aniyed 
Uthe  ecHicluBioQ  (liat  a  conaideraljo  piKtkai  of  the  eleotridl^witli 
viich  the  atmosphere  is  charged  i»  deiivad  from  the  gaaaons  fluid* 
pten  out  by  plants  during  the  proeeM-<tf  ngBtatioii : — 
_        Oaa  table  vunlihed  with  gum  lu,h»aii«iv«dl&  two 
[  (Or  twelTB  ^ancspnilca,  each  about  d|^hi(^  In  dial 

txtanklly  tar  two  incbeg  round  the  lipa  with  a  fllm  irf  lag  TUniih.  Tb«/ 
■CK  SUed  with  vegetable  mould,  and  made  to  commnnlcite  with  eacb  other 
b;  nwiallic  wireK,  which  piused  fiom  Out  Inalde  of  one  to  the  inaide  in  the 
KXt,  KUiog  over  the  ed^:ea  of  the  capuolea.  Thm  the  Inride  of  the  twelve 
apiolea  and  the  »il  which  they  cDDtained  formed  only  a  ahtgle  condnctiiig 
bodj.  One  oT  the  cspsulea  woa  plsced  fai  omuniinicatisD  with  the  upper 
fltit  a!  a  Dondensci  by  luesus  of  a  brssa  wire,  while,  at  llie  ume  time,  the 
Oder  plate  was  in  coianmniesLiuu  wilh  (he  gnmad. 

TbiDgs  being  in  thia  sitnalioQ.  and  the  weather  bdug  very  diy,  aquontity 
tt  com  was  aown  io  the  eoil  contaioed  in  the  capeulee,  and  the  eSecIa  were 
witched.  The  laboratory  woe  kept  cloaed,  and  ndther  fire,  nor  light,  nor 
toy  electtiSed  t>ody,  was  uUuduued  into  it.  During  the  flrat  two  days  the 
fToin  'twellod.  and  the  plunrulip  iasned  out  abont  the  length  of  a  line,  but 
£d  Dot  moke  their  appearance  above  the  nuface  of  the  earth.  But  oa  the 
thiid  day  the  blodea  appeared  above  the  nuface,  and  began  to  incline  tO' 
Tirda  the  vriudow,  wMch  wu  not  provided  with  ehuttero.  The  condenser 
wu  now  charged  with  pon'tiH  electricity  j  oonoequantly  the  carbonic  acid 
wliich  ie  dlaotgaged  daring  the  germination  of  the  seed  ig  charged  with 
poeitiva  electriidty,  and  la  therefore  iii,preaia«ly  the  aame  etate  as  the  car- 
bonic acid  formed  by  comboslion.  Thie  experiment  wag  repealed  eeverol 
times  with  Baccesa.  Bnt  the  electricity  cannot  be  recognised  unleis  the 
WBolbpr  U  exceedingly  dry,  or  anleee  the  apartment  is  artiddolly  dried  by 
introduang  mbetaneee  which  have  the  property  of  abaorbiag  moioture. 

Pouillet  inferred  from  liis  experiments  that  a  surface  of  i,ooo 
iquare  feet  would  g^ve  out  Buffident  electricity  to  charge  a  power- 
ful hsttarr. 
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CHAPTER  \Tn. 
VOLTAIC   ELECTRICITY. 

Yolta's  Fundamental  Experiment— The  *  Pile  '—The  Dry  Pile— The  CoBtact 
and  Chemical  Theories  of  the  Pile — Simple  and  Compound  YoUaic  Bit* 
teries — The  Water  Battery — Polarisation — Secondary  Batterie»— Tte 
Gas  Battery. 

(94)  VoltA*s  Fundamental  Bzperlment. — ^Two  polidiei 
metallic  discs^  one  of  copper  and  the  other  of  zinCi  about  three 
inches  in  diameter,  and  each  proyided  with  an  insulating  handlfl^ 
are  brought  into  contact,  holding  them  by  their  handles ;  they  in 
then  separated,  especially  avoiding  friction,  and  brought  succeflBiTely 
into  contact  with  the  collecting  plate  of  a  condensing  electroflcope 
(Fig.  19,  p.  20)  ;  the  zinc  plate  is  found  to  be  slightly  charged  with 
positive  and  the  copper  plate  with  negative  electricity.  These  effectB 
(which,  though  feeble,  are,  when  carefully  performed, deciaiye)  wece 
ascribed  by  Volta  to  a  peculiar  electromotiye  force,  under  which 
the  metals  by  simple  contact  tend  to  assume  opposite  electrical 
states ;  but  it  has  been  shown  by  Grove  {Elect,  Mag.,  voL  i.  57) 
that  Yolta's  experiment  is  equally  successful  if  contact  between  the 
metals  is  prevented  by  the  interposition  of  a  circle  of  card,  and  he 
conceives  the  action  between  the  discs  to  be  somewhat  similar  to 
that  which  occasions  a  coin,  when  allowed  to  remain  for  some 
time  on  a  polished  plate,  to  leave  behind  it  on  the  metal  a  &int 
picture,  viz.  to  a  radiation  between  the  metals,  on  account  of 
difference  of  topiperature,  whereby  a  chemical  disturbance  takes 
place.  Gassiot  has  also  proved  that  decided  signs  of  electrical 
tension  may  be  obtained  without  any  contact,  metallic  or  other- 
wise, between  the  plates.  His  experiment  is  thus  described  {Tki, 
Mag.,  Oct.  1844) : — 

Two  plates,  one  of  copper  and  the  other  of  zinc,  each  four  inches  in 
diameter,  were  attached  each  to  an  insulated  pillar  of  a  micromeisr  electro- 
meter ;  the  plates  were  carefully  approximated  to  about  t^  of  an  iodL 
When  thus  adjusted,  a  copper  wire  was  attached  to  each  of  the  plates,  and 
also  to  the  discs  of  the  electroscope,  which  were  fixed  at  about  |  of  an 
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iodi  apart ;  the  leaf  of  the  electroscope  was  raised  ao  as  to  allow  it  to  swini; 
iear  uf  the  two  discs,  and,  when  not  excited,  to  remain  equidistant  from  each. 
Tims  arranged,  the  apparatus  is  ready  for  experiment  With  one  hand  the 
aperimenter  holds  a  Zamboni's  pile,  so  as  to  have  one  of  its  terminals) 
within  about  one  inch  of  the  cap  of  the  electroscope,  and  with  the  other 
had  he  separates  the  plates ;  immediately  on  separation  the  terminal  of 
tk  pile  is  brought  into  contact  with  the  cap  of  the  electroscope,  when  the 
ktf  is  attracted  as  follows  : — If  touched  bj  the  negative  terminal  of  the  pile, 
the  leaf  of  the  electroscope  will  be  attracted  towards  the  disc  in  connection 
vith  the  zinc  plate,  but  if  bj  the  potitive  terminal,  the  leaf  will  muve  towards 
the  disc  in  connection  with  the  copper  plate,  which  are  precisely  the  same 
Rsolts  as  follow  the  separation  after  actual  contact. 

By  the  following  arrangement  a  Toltaic  current  of  suiKcient 
power  to  decompose  iodide  of  potassium  was  produced  by  Faraday 
without  the  contact  of  disaimilar  metals : — 

A  plate  of  zinc,  a  (Fig.  119),  was  cleaned  and  bent  in  the  middle  to  a  right 
ngle;  a  piece  of  platinum  about  three  inches  long  and  half  un  inch 
vide,  b,  was  fastened  to  a  platinum  wire,  and  the  ledXer 
bent  twice  at  right  angles.    These  two  pieces  of  metal 
voe  arranged  as  shown  in  the  figure  ;  at  x  a  piece  of  Fig.  119. 

fidded  bibulous  paper,  moistened  in  a  solution  of  iodide 
tfpotassiuxn,  was  placed  on  the  zinc,  and  was  pressed 
upon  by  the  end  of  the  platinum  wire;  when,  under 
these  circumstances,  the  plates  were  immersed  in  diluted 
nitric  and  sulphuric  acid»,  or  even  in  solution  of  caustic 
putash,  contained  in  the  vessel  c,  there  was  an  imme- 
diate effect  at  x,  the  iodide  being  decomposed,  and  iudine 
appearing  at  the  anode,  that  is,  against  the  end  of  the 
platinum  wire.  As  long  as  the  lower  ends  of  the  plates 
remained  in  the  acid,  the  electric  current  flowed,  and  the 
decomposition  proceeded  at  x.  On  removing  the  end  of 
the  wire  from  place  to  place  on  the  paper,  the  effect  was 
evidently  very  powerful ;  and  on  placing  a  piece  of  tur- 
meric paper  between  the  white  paper  and  the  zinc,  both  papers  bein^ 
moistened  with  a  solution  of  iodide  of  potassium,  alkali  was  evolved  at  the 
cathode  against  the  zinc  in  proportion  to  the  evolution  of  iodine  at  the 
anode ;  the  presence  of  an  electric  current  was  likewise  shown  by  the 
galvanometer. 

Metallic  contact,  according  to  Faraday,  favours  the  passage  of 
the  current  by  dimiTiiflhing  the  opposing  affinities.  When  an 
amalgamated  zinc  plate  is  dipped  into  dilute  sulphuric  acid,  the 
force  of  chemical  affinity  exerted  between  the  metal  and  the  fluid 
is  not  sufficiently  powerful  to  cause  sensible  action  at  the  surfaces 
of  contact,  and  occasion  the  decomposition  of  water  by  the  oxida- 
tion of  the  metal,  though  it  is  sufficient  to  produce  such  a  condi- 
tion of  electricity  as  would  produce  a  current  if  there  were  a  path 
open  for  it,  and  that  current  would  complete  the  conditions  neces- 
saT>'  for  the  decomposition  of  water.     T>^ow,  when  the  zmt  *\^ 
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toucJied  by  a  piece  of  platinum^  the  path  required  for  the  etee- 
tricity  is  opened,  and  it  is  evident  that  this  must  be  fax  more 
effectual  than  when  the  two  metals  are  connected  through  the 
medium  of  the  electrolyte ;  because  a  comtrary  and  opposing  adim 
to  that  which  is  influential  in  the  dilute  sidphmic  acid  is  then 
introduced,  or  at  any  rate  the  affinity  of  the  component  parts  of  the 
electrolyte  has  to  be  overcome,  since  it  cannot  conduct  witknt 
decomposition^  and  this  decomposition  reacts  upon,  and  sometimes 
neutralises,  the  forces  which  tend  to  produce  the  current. 

The  news  of  Yolta  have  been  supported  by  many  profonnd 
electricians,  including  Pfafi;  Marianini,  Fechter,  Zamboni,  and 
Matteucci,  but  the  most  powerfid  mass  of  evidence  is  in  favour  of 
the  theory  that  ascribes  the  source  of  power  to  chemical  aeUm, 
and  this  theory  has  been  adopted  and  maintained  by  Fahroni, 
Wollaston,  Oersted,  Becquerel,  De  la  Rive,  Schonbein,  Faraday, 
Grove,  and  numerous  other  distinguished  philosophers. 

By  Davy  {PhU,  Trans.  1826)  the  electric  state  of  the  pile  was 
considered  as  due  partly  to  the  contact  of  the  opposed  metals,  and 
partly  to  the  chemical  action  excited  on  them  by  the  liquid. 

*  Chemical  and  electrical  attractions,'  he  says, '  are  produced  bythesame 
cause,  acting  in  one  case  on  particles  and  in  the  other  on  nuisseg  of'  mctter, 
and  the  same  property,  under  different  modifications,  is  the  cause  of  all  the 
phenomena  exhibited  bj  different  voltaic  combinations.' 

In  Volta^s  fundamental  experiment  the  zinc  plate  is  supposed  by 
him  to  take  electricity  ^m  the  copper  plate,  the  zinc  plate  be- 
coming feebly  positive^  and  the  copper  plate  feebly  negative.    Pro- 
fessor Robison  endeavoured  to  increase  the  effect  by  associating  a 
series  of  plates  of  copper  and  zinc,  one  pair  immediately  following 
the  other.     The  desired  effect  was  not,  however,  attained,  as,  in- 
deed, Volta*s  theory  would  have  predicted,  for  as  in  such  an 
arrangement  each  copper  plate  is  necessarily  between  two  zinc 
plates,  and  each  zinc  plate  between  two  copper  plates,  according 
to  that  theory  eleciyomotion  would  tend  from  the  copper  to  the 
zinc  upon  both  sides  of  the  latter,  and  the  forces  woidd  destroy 
one  another.    The  same  thing  would  occur  conversely  with  both 
surfaces  of  the  copper,  so  that,  however  numerous  the  series,  tbe 
effect  cannot  exceed  that  produced  by  a  single  pair.     This  expla- 
nation inmiediately  occurred  to  Volta,  and  the  brilliant  idea  sug- 
gested itself  that,  if  he  were  to  interpose  between  each  pair  of 
copper  and  zinc  plates  a  moist  or  second-class  conductor,  the  latter 
would  have  the  effect  of  promoting  the  circulation  of  the  disturbed 
electricity,  its  own  power  of  producing  electromotion  by  contact 
with  the  metals  being  extremely  small  when  compared  to  the  energy 
of  the  electromotive  force  called  into  existence  by  the  contact  of 


ihe  dry  or  aecond-claaa  metallic  conductora. 
Hai  hvpotheeia  he  lliiilt  up  his  '  pile.' 

The  original  form  ofVoltn's  pile  is  shown 


of  cnpprr  and  zinc  pliiip\  ni 


II  eoniriatB  of  »  Beriw  of  ailTsr 
ndgcd  Due  aboTe  another,  wilh 
rvhpftir,  A  serin  of  thirty  or  fori  j  alternation H 
if  platoi  four  inchn  square  will  caaM  the  gold-lenf 
dectmscDpe  to  diTer^  the  zitu^  endwilh/Mfifin 
ud  the  «ilt-er  end  with  u^attccelectricilji  aihock 
TiQabo  be  felt  on  touching  the  extreme  platen 
■itli  the  fingers  moistened  with  -witer  ;  a  umall 
ifarh  will  be  Been  on  bringing  the  extreme  wire* 
into  contait,  and  water  may  be  riecompowd. 
Theae  larter  effects  are  moch  increased  when  the 
taonel  or  pasteboard  is  moistened  with  tall  and 
nter,  tbe  qtuitttlly  of  electricity  set  in  motion  by 
the  chemical  action  of  the  aaline  liquid  being  mii- 
ttrially  incres»ed,  hut  the  gold  leaTce  nf  the  rlec- 
rnueope  will  not  exhibit  a  greater  divergen'^ 
when  talc  water  is  used,  this  eSect  depending  on 
thetalflui^  of  the  electricity,  which  is  not  mn- 
leriiUy  augmented  by  the  chemical  action. 

(9;)  ^Ite  Dry  File. — An  electric  pile 
wu  invented  hj  De  Luc,  from  which  much 
useful  information  respecting  the  direction 

may  he  derived. 

This  instrument  consists  of  a  Dumber  of 
alternations  of  two  metala,  with  discs  of 
paper  interposed  ;  the  elements  may  be  cir-  --^t^-    -^^JiJ 

cular  discs  of  thin  paper,  covered  on  one 
side  with   gold   or  ailver  leaf  about  one 

inch  in  diameter,  and  similar-Biied  pieces  of  thin  zinc  foil,  =ci 
arranged  that  the  order  of  succession  Khnll  hi!  presfrvcd  tlin-iitrli- 
out,  viz.  zinc,  silver,  paper ;  zinc,  silver,  papi'r,  &c.  AIkiiiI  iiv 
handred  pairs  of  such  disca,  encloseil  in  a  piTrcclly  drv  ^Inxs  lulx-, 
terniinftted  at  each  end  with  a  hraps  cap,  and  scrrw  to  ]in!ss 
the  plates  tight  together,  wiU  produce  au  active  coluiuu.  The 
late  Mr.  Singer  constructed  a  dry  pile  of  twenty  thoui>Mid  !'eri»>  of 
zinc,  silver,  and  double  discs  of  writinp-paper ;  it  was  ciiiialile  of 
diverging  the  pith-ball  electroscope,  and  hy  conneclinf:  oin'  ('xlrc- 
luity  of  the  series  with  a  fine  iron  wire,  and  bringing  the  I'lid  of 
the  wire  near  the  other  eitremity,  a  sliglit  layer  of  varnish  iN'iiii.' 
interposed,  a  eucceigion  of  bright  itiirieould  be.prodiieri/,  fspi'cially 
when  the  point  of  the  wire  was  drawn  lifrlitly  over  tlie  c iirlao'. 
,\  verv  tbiw  /rlnssjar,  contabiinrr  fifty  square  inclica  of  conlwiV  >«t- 
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face,  charged  hj  ten  minuteB'  coutBct  irith  the  column,  had  power  i 
to  fiise  one  inch  of  platinum  wire  -j^  of  an  inch  in  diametar.  i 
It  gave  a  diaagreenble  shoch,  felt  diatinctl;  at  the  eHxrvni  sjid 
BhouUeiB,  and  hy  some  individuals  ocrosa  the  breast.  The  ehaign 
from  this  jar  would  perforate  thick  drawing-paper.  The  pile  did 
not  possess  the  slightest  chemical  actioD,  for  saline  eompoimdi 
tinged  with  the  most  delicate  vegetable  colours  underwent  DO 
change,  even  when  exposed  for  some  days  to  its  action. 

On  examining  the  electrical  state  of  the  dry  electric  column,  it 
is  found  to  resemble  that  of  a  conductor  under  induction ;  in  thfl 
centre  it  is  neutral,  but  the  ends  are  in  opposite  electrical  states ; 
and  if  one  extremity  be  connected  with  the  earth,  the  alectricitf 
of  the  opposite  end  becomes  proportionately  increased;  the  rina 
extremity  is  potitioe,  and  the  silver  or  gold  extremity  is  nej/tOAM  t 
as  may  be  proved  by  laying  the  column  on  the  caps  of  two  gold- 
leaf  electroscopes  in  the  manner  shown  in  Fig.  1 3 1  ;  the  leaves  will 


diverge  with  opposite  electjicitiea.  If  a  communication  be  made 
between  the  instruments  1^  means  of  a  metallic  wire,  the  diver- 
gence of  the  leaves  will  cease,  but  will  be  again  renewed  when  such 
communicatiDn  is  broken.  It  is  better  to  employ,  in  the«e  experi- 
ments, an  electroscope  in  which  the  gold  leaves  are  suspended 
ungly,  as  shown  in  1%.  13Z,  and  so  arraoged  as  to  -admit  of  their 
being  brought  nearer  to  or  carried  farther  from  each  other.  If  in 
such  an  instniment  the  leaves  are  adjusted  at  a  proper  diatancft 
from  each  other,  and  the  wire  from  which  one  is  suspended  be 
connected  with  the  zinc  end  of  the  pile,  and  the  wire  from  which 
the  other  is  suspended  be  connected  with  the  ulver  or  gold  end,  a 
kind  of  perpetual  motion  will  be  kept  up  between  the  leaves ;  for, 
bein^  oppositely  excited,  they  will  attract  each  otiier ;  and  having 
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t  neutralised  each  other,  thej  will  separate  for  a  moment 
attract  and  separate  as  before.  If  Doth  silyer  and  zinc 
vo  columns  are  connected  with  the  two  gold  leayes,  a 
repulsion  will  be  kept  up  between  the  leaves,  they  being 
arlj  electrified. 

y  of  amusing  experiments  may  be  made  with  De  Luc's  dry 
bus,  a  small  clapper  may  be  kept  constantly  vibrating  between 
With  a  series  of  twelve  huidred  groups,  arranged  by  Mr.  Singer, 

ringing  was  kept  up  during  fourteen  months.  De  Luc  had  a 
rhich  constantly  vibrated  between  two  bells  for  more  than  two 
th  a  pile  of  10,000  series,  constructed  after  the  modification  by 
1  which  the  discs  consisted  of  paper,  on  one  side  of  which  finely 
sine  was  pasted,  and  on  the  other  finely  powdered  black  oxide 
ese^  Mr.  Gassbt  charged  a  Leyden  battery,  to  a  considerable 
ntensity,  and  obtained  direct  sparks  -ft  of  an  inch  in  length, 
dy  succeeded  in  obtaining  chemical  decomposition  of  a  solution 

potassium,  the  iodine  appearing  at  the  end  composed  of  black 
inganese. 

lurce  of  power  in  the  '  dry  pile '  is  referred  by  those  who 
B  theory  of  Volta  to  the  contact  of  the  metals ;  the  oppo- 
tiat  hypothesis  trace  it  to  the  action  of  the  small  portion 
ore  which  is  contained  in  the  paper  upon  the  ozidisable 
.  the  zinc.  It  is  certain  that  a  degree  of  moisture  is  in- 
le  to  the  action  of  the  instrument ;  for  the  electricity 
\  altogether  when  the  paper  discs  have  lost  their  humi- 
pontaneoos  evaporation,  and  the  zinc  becomes  slowly 
Its  charge  is  altogether  one  of  intensity,  and  after  dis- 
I  interval  of  time  is  required  for  a  renewaL  It  is  not 
e  that  the  state  of  the  atmosphere  is  in  some  way  con- 
th  the  phenomenon,  for  the  motion  of  the  pendulum  is 

>  much  occasional  irregularity.  M.  de  Luc  and  Mr. 
both  observed  that  the  action  of  the  colunm  was  increased 
son  shone  on  it ;  but  they  conceived  that  the  eifect  was 

>  the  heat  of  the  sun^s  rays,  because  it  was  found  that  an 
t  put  together,  after  the  parts  had  been  thoroughly  dried 
),  had  no  power  whatever,  but  that  it  became  efficacious 
id  been  taken  to  pieces,  and  its  materials  had  remained 
exposed  to  the  air,  from  which  the  paper  imbibed  mois- 
•.  Singer,  however,  remarked  that  the  power  of  the  column 
ed  by  a  moderate  heat,  as  his  apparatus  vibrated  more 
n  summer  than  in  winter,  and  the  electrical  indications 
iger  when  there  was  a  fire  in  the  room. 

should  be  taken  not  to  allow  the  ends  of  the  column  to 
r  any  length  of  time  in  contact  with  a  conducting  body ; 
such  conlinued  communication,  a  loss  of  power  will  be 
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I>pi"coived.  When,  therefore,  the  instrument  is  laid  by,  it  shooU 
}k>  iDBulated  ;  and  if  it  had  previouslj  nearly  lost  its  action,  it  irill 
uflually  rocover  it  after  a  rest  of  a  few  days.  The  application,  Iff 
]3ohnenher^or,  of  the  dry  pile  to  the  gold-leaf  electroscope  bi 
already  Ix^n  alluded  to  (41,  6). 

(96)  Znsnlllolenoj'  of  the  ContAot  Tlieory. — ^Atthedoseof 
an  ela1)orate  and  exhaustive  experimental  examination  of  tin 
question,  *  Wliat  is  the  source  of  power  in  the  voltaic  pile  ?*  Fa»- 
day  Riims  up  tluis  (E.i\  Research.,  series  xvii.)  : — 

*  The  contact  theory  assamcs,  in  fact,  that  a  force  which  is  able  to  orer- 
come  powerful  resistance,  as,  for  instance,  that  of  the  condactor,  good  or  bad, 
throup:h  which  the  current  passes,  and  that  again  of  the  electrol}*tic  aetkn, 
whore  bodies  are  decomposed  by  it,  can  arise  out  of  nothing;  that  without  my 
chniif^c  in  the  acting  matter,  or  the  consumption  of  any  generating  force,  t 
current  can  be  produced  which  shall  go  on  for  ever  against  a  oonstint 
resistance,  or  only  be  stopped,  as  in  the  voltaic  trough,  by  the  ruins  whidi 
its  exertion  has  heaped  up  in  ita  own  course.  This  would  indeed  be  a  ent- 
tion  of  jMweTf  and  is  like  no  other  force  in  nature.  We  have  many  pro- 
cesses by  which  the  form  of  the  power  may  be  so  changed  that  an  ai^MRot 
conversion  of  one  into  another  takes  place ;  but  in  no  case  is  there  a  pare 
crontion  of  force  ;  a  production  of  power  without  the  corresponding  exbaas- 
tion  of  something  to  supply  it. 

*  The  chemical  theory  sets  out  with  a  power,  the  existence  of  which  is  pre* 
proved,  and  then  follows  its  vhriations,  rarely  assuming  anything  which  ii 
not  supported  by  some  corresponding  simple  chemical  fact, 

*  The  contact  theory  sets  out  with  an  assumption,  to  which  it  adds  others 
as  the  cases  require,  until  at  last  the  contact  force,  instead  of  being  the  firm 
unchnnf]^cable  thing  at  first  supposed  by  Volta,  is  as  variable  as  chenucal 
force  itself. 

*  Were  it  otherwise,  and  were  the  contact  theory  true,  then,  as  it  appears 
to  me,  the  equality  of  cause  and  effect  must  betlenied.  Then  would  "per- 
petual motion  "  a^so  oe  true  ;  and  it  would  not  be  at  all  difficult  upon  the 
first  given  case  of  an  electric  current,  by  contact  alone,  to  produce  an  electro- 
magnetic arrangement  which,  as  to  principle,  would  go  on  producing  me- 
chanical effects  for  ever.* 

Again,  speaking  of  the  voltaic  theory  of  contact,  Dr.  Roget,  in 
his  Tj'catise  on  Galvanising  says  (§  113): — 

*  Were  any  further  reasoning  necessary  to  overthrow  it,  a  forcible  argu- 
ment might  be  drawn  from  the  following  consideration : — If  there  could 
exist  a  power  having  the  property  ascribed  to  it  by  the  hypothesis — namely, 
that  of  giving  continual  impulse  to  a  fluid  in  one  constant  direction,  without 
being  exhausted  by  its  own  action — it  would  dififer  essentially  trova.  all  ^^ 
other  known  powers  in  nature.    All  the  powers  and  sources  of  motion,  with 
the  operation  of  which  we  are  acquainted,  when  producing  their  peculiar 
effects,  are  expended  in  the  same  proportion  as  those  effects  are  produced; 
and  hence  arises  the  impossibility  of  obtaining  by  their  agency  a  perpetual 
effect,  or,  in  other  words,  a  perpetual  motion.    But  the  electromotive  force 
ascribed  by  Volta  to  the  metals  when  in  contact  is  a  force  which,  as  long  M 
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free  course  is  allowed  to  the  electricity  it  sets  in  motion^  is  never  expended, 
nd  continues  to  be  excited  with  undiminished  power  in  the  production  of  a 
Bver-ceasing  effect.  Against  the  truth  of  such  a  supposition  the  probabi- 
ities  are  all  but  infinite.' 

Lastly^  Sir  William  Snow  Harris,  in  reviewing  the  two  theories 
»f  the  voltaic  pile,  expresses  his  opinion  of  the  contact  theory  in 
he  following  terms  {Rudimentary  Treatise  on  Galvanism,  p.  52) : — 

'  On  reviewing  the  respective  merits  of  the  contact  and  chemical  theories 
if  the  source  of  power  in  the  voltaic  pile,  we  find  the  facts  in  support  of  the 
atter  so  overwhelming  in  every  sense  that  it  is  next  to  impossible  to  resist 
:be  conclusion  that  chemical  action  is  really  the  mainspring  -of  the  whole 
nachine.  We  find,  for  example,  that  chemical  action  does  give  rise  to 
ivolution  t>f  electricity ;  that  the  current  force  is  entirely  dependent  on  it ; 
that,  when  the  chemical  action,  diminishes  or  ceases,  the  current  also  dimi- 
Aiflheft  or  ceases  ;  when  the  chemical  action  changes,  the  current  changes ; 
irhen  there  is  no  chemical  action,  there  is  no  carrent ;  no  case  has  ever 
uisen  of  electrical  current  in  the  voltaic  apparatus  without  chemical  action, 
■nd  there  is  every  ground  for  supposing  that 'the  force  termed  chemical 
affinity  is  identical  with  eleetrical  force. 

*0n  the  other  hand,  the  contact  theory  is  embarrassed  by  anomalies  and 
improbabilities  in  the  nature  of  things.  It  assumes  that  a  current  is  called 
into  action  and  maintained  by  metallic  contact  alone  ;  here  we  must  assume 
the  force  of  contact  to  be  so  balanced  as  to  produce  in  any  voltaic  circle  an 
effect  tqual  to  zero,  and  whilst  the  metallic  substances  in  contact  remain  in 
every  sense  unchanged  as  regards  their  particles,  they  are  supposed  actually 
to  discharge  into  each  other ;  if  any  change  of  state  or  condition  in  their 
ooostitaent  particles  were  admitted,  it  would  then  become  a  cliemical  theory. 
The  two  metals  also,  by  this  hypothesis,  are  in  opposite  electrical  states,  the 
one  being  positive,  the  other  negative,  which  states  become  at  once  destroyed 
by  the  intervening  fiuid,  and  recommence  ; — but  how  ?  The  whole  effect  of 
the  apparatus  is  by  the  theory  a  disturbance  and  reproduction  of  electrical 
equilibrium  ;  it  in  no  way  supplies  an  explanation  of  the  production  and 
evolution  of  electricity.  The  force,  which  is  supposed  competent  to  produce 
a  change  of  electrical  state  in  metals  in  respect  to  each  other,  is  yet  incom- 
petent by  the  h3rpotbesis  to  maintain  the  new  state  induced  ;  and  without 
sny^ consumption  whatever  of  the  generating  force,  we  are  obliged  to  assume 
the  production  of  a  current,  continually  flowing  on,  against  a  constant  resist- 
ance ;  this  is  not  in  the  nature  of  things  of  which  we  have  the  least  experi- 
ence. There  is  no  instance  in  nature  of  a  production  of  power  without  a 
corresponding  exhaustion  of  the  source  of  power.* 

(97)  "Simple  Voltaic  Circles. — Assuming,  then,  that  the 
electricity  set  in  motion  hy  the  contact  of  the  copper  and  zinc 
plates  in  Yolta's  fundamental  experiment  is  the  result  of  slight 
chemical  action,  it  is  easy  to  understand  that  increase  of  chemical 
action  should  give  rise  to  an  augmentation  of  electrical  force.  If  we 
tftke  two  platesof  different  metals — platinum  and  zinc,  for  example — 
and  immerse  them  in  pure  water,  touching  each  other,  as  in  Fig.  123, 
a  gahamo  circle  will  he  formed ;  tha  water  willhe  slowly  decomposed, 
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its  oxjgeD  becoming  fixed  on  tlie  linc,  tlie  oxidiflalils  metal,  ud 
&t  the  same  time  &  current  of  electricitj  will  be  tranBmittod  timngh 
the  liquid  to  the  platiumn,  on  the  Bur&ce  of  which  the  otlier  cooHti- 
tuent  of  the  water,  viz.  hjdrogen,  will  make  ita  appearance  in  the 
form  of  minute  gas  bubbles;  theelectricalcurrentpaseee  back  again 
to  the  aae  pinte  at  its  point  of  contact  with  the  platinum,  and  thp* 
a  continued  current  is  kept  up.  The  moment  llie  circuit  is  broken 
bj  separating  the  metals,  the  current  ceasee,  bnt  is  renewed  on 
making  them  agdn  toudL  It  is  not  indispensable  that  tlie  two 
plates  should  bs  brought  into  immediate  contact,  as  in  Fig.  123; 
they  may  be  metallically  united  by  wires,  which  may  be  of  aaj 
length  provided  they  are  continiious  thronghout,  and  i 


into  contact  at  their  ends,  aa  ahown  in  Hg.  124.    The  e 


it  with 


pure  water  ia  feeMe,  and  aftar  some  lime  the  currant  nearly  ceases 
in  consequence  of  the  surface  of  the  zinc  becoming  coated  with 
oxide ;  if.  however,  a  little  sulphuric  or  hydrochloric  add  be  added 
to  the  water,  the  effect  is  greatly  increased,  because,  in  the  first 
place,  we  make  the  liquid  a  better  conductor  of  electricity;  and, 
secondly,  and  cbieflj,  because  the  oxide  of  zinc  is  removed  from 
the  aiirface  of  the  metal  aa  fast  as  it  is  formed,  being  dissolved  bv 
the  acid,  a  new  and  clean  aurfece  is  thus  continually  exposed,  and  an 
increased  facility  for  the  decompoBition  of  wa1«r  is  afforded.  The 
force  origlnatea  with  the  oxidation  of  the  zinc,  and  paesee  in  the 
direction  of  the  arrow  through  the  liquid  to  the  platinum,  and 
thence  back  hy  the  wires  b  c  to  the  zinc ;  sulphate,  or  chloride  of 
zinc,  is  formed  in  the  liquid,  but  the  formation  of  either  of 
these  salts  has  little,  if  anything,  to  do  with  the  development  of 
the  electrical  current,  chemical  decompoiiliort  being,  according  to 
the  chemical  theory,  absolutely  neceeaary  for  the  development  of 
current  electricity, 
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To  prove  that  the  wire  connectiDg  the  platinum  and  zinc  plates 
is  conducting  a  current  of  electricity^  we  have  only  to  place  a 
nicely-balanced  magnetic  needle  above  or  below  it^  and  we  shall 
find  that  the  needle  will  deviate  from  the  magnetic  meridian  in 
obedience  to  laws  which  will  be  described  hereafter  {Electro- 
magnetism)  ;  but  how  are  we  to  account  for  the  appearance  of  the 
bubbles  of  hydrogen  gas  on  the  surface  of  the  platinum  plate  P 

If  the  zinc  plate  be  amalgamated  by  dipping  it  into  dilute 
sulphuric  acid,  and  then  rubbing  it  over  with  mercury,  it  will  be 
found  that  dilute  sulphuric  acid  has  little  or  no  action  upon  it 
while  unconnected  with  the  platinum ;  the  moment,  however,  that 
metallic  communication  is  established  between  the  two  plates, 
either  in  or  out  of  the  liquid,  torrents  of  bubbles  will  rise  from 
the  latter  metal,  as  if  it  were  imdergoing  violent  chemical  action, 
while  the  zinc  (the  metal  which  is  really  being  acted  upon  chemi- 
cally) is  dissolved  tranquilly,  and  without  any  visible  commotion. 
It  is  evident  that  this  phenomenon  cannot  be  explained  on  chemi- 
cal grounds  alone ;  the  transference  of  the  hydrogen  is  to  be  con- 
sidered as  taking  place  by  the  propagation  of  a  decomposition 
through  a  chain  of  particles  extending  from  the  zinc  to  the  plati- 
num. Let  the  exciting  liquid  be  supposed  to  be  dilute  sulphuric 
acid  (IISO4);  ^  '^^^  ^  metallic  communication  is  established 
between  the  two  plates,  the  particle  of  HSO4  in  contact  with  the 
zinc  undergoes  decomposition,  the  SO^  combining  with  the  zinc  to 
form  the  compound  ZnSO^  (sulphate  of  zinc) ;  the  hydrogen  dis- 
placed now  unites  with  the  SO4  of  the  contiguous  particle  of  HSO^, 
displacing  its  hydrogen,  which  seizes  SO4,  of  the  third  particle  of 
HSO4,  and  so  on  till  the  platinum  plate  is  reached,  against  which 
the  hydrogen  of  the  last  particle  of  decomposed  HSO^  is  evolved, 
because  it  can  find  no  particle  of  SO4  to  combine  with,  and  because 
it  cannot  enter  into  chemical  union  with  the  platinum,  thus — 

Before  the  plates  are  connected. 

Zn    SO^H     SO^       SO4H    P 

Now  there  is  nothing  in  the  appearance  of  the  liquid  between 
the  plates  which  indicates  the  transfer  of  the  disunited  elements 
above  alluded  to ;  and  the  vessel  which  contains  the  acid  may  be 
divided  by  a  diaphragm  of  bladder  or  of  porous  earthenware 
'Without  interfering  with  the  general  result.  The  force  must  be 
conceived  to  travel  by  a  species  of  connection,  and  the  following 
illustration,  to  assist  us  in  forming  a  first  notion,  was  offered  by 
the  late  Profeasor  Daniell  {Introduction  to  Cli^mical  Philosophy) : — 

*When  a  number  of  ivory  balls  are  freely  suspended  in  a  row  so  as  just 
to  touch  one  anoUier,  if  an  impulse  be  given  to  one  of  the  extreme  ones,  by 


After  the  plates  are  connected. 
ZnS04  HSO4    nso4     H->P 
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Htrikin)^  it  with  a  hard  substance,  the  force  will  be  oommanicated  from  bsQ 
to  ball  without  disturbing?  them,  till  it  reaches  the  more  distant,  which  will 
tly  otr  under  its  full  influence.  Such  analogies  are  remote,  and  most  not  be 
Htrained  t(K)  far ;  but  thus  we  may  conceive  that  the  force  of  affinity  receifei 
an  iiii])ul8(*in  a  certain  direction,  which  enables  the  hydrogen  of  the  first  pu^ ' 
tide  of  water  which  undergoes  decomposition  to  combine  momentarily witk 
the  oxygen  of  the  next  particle  in  succession,  the  hydrogen  of  this  agaii 
witli  the  oxygen  of  the  next,  and  so  on,  till  the  last  particle  of  hydroga 
connnunicates  the  impulse  to  the  platinum,  and  escapes  in  its  own  elastic 
form.' 

But  it  is  not  in  the  exciting  liquid  alone  that  tliis  remarkaUe 
transfer  of  elements  takes  place ;  the  same  power  is  propagated 
through  the  wire  which  connects  the  platinum  and  zinc  plates  to- 
gether. To  prove  this,  let  the  wire  be  divide^  in  the  middle,  and 
having  attached  to  each  end  a  long  slip  of  platinum  foil^  let  eack 
\h\  iinuiersed  in  a  glass  jar  containing  hydriodic  acid ;  in  a  &w 
seconds  iodine  will  appear  on  that  slip  of  foil  which  is  in  connec- 
tion vvith  the  platinum  plate,  and  hydrogen  gas  on  the  other;  so 
that,  supposing  a  decomposing  force  to  have  originated  at  the  zinc 
plate,  and  circulated  through  the  exciting  acid  in  the  jar  to  the 
platinum,  and  onwards  through  the  wires  and  through  the  hydri- 
odic acid  back  to  the  zinc,  then  the  hydrogen  of  the  hydriodic 
acid  followed  the  same  course,  and  discharged  itself  against  the 
slip  of  platiniun  foil  in  communication  with  the  zinc. 

It  does  not  require  two  metals  to  form  a  galvanic  circle,  or  even 
two  different  liquids,  if  other  conditions  are  attended  to.  A  cur- 
rent is  established  when  a  zinc  plate  is  cemented  into  a  box,  and 
acted  upon  on  one  side  by  diluted  acid,  and  on  the  other  by  solu- 
tiou  of  salt ;  or  by  acting  on  both  sides  by  the  same  acid,  one  sui^ 
face  being  rough,  and  the  other  smooth,  a  communication  being  of 
course  established  between  the  two  cells.  Common  zinc  affords  a 
good  illustration  of  a  simple  galvanic  circle :  this  metal  usually 
contains  about  one  per  cent,  of  iron  mechanically  diffused  through 
it.  On  immersion  into  diluted  sulphuric  acid,  these  small  pa> 
tides  of  zinc  and  iron  form  numerous  voltaic  circles,  transmitting 
the  current  through  the  acid  that  moistens  them,  and  liberating  a 
large  quantity  of  hydrogen  gas. 

(98)  Sir  B.  Davy's  proposed  Copper  Protectors. — In  pro- 
portion as  the  contact  of  two  metals  in  an  acid  or  saline  solution 
increases  the  affinity  of  one  of  them  for  one  element  of  the  solu- 
tion, it  diminishes  the  liability  of  the  other  metal  to  undergo 
change.  Thus,  when  zinc  and  copper  are  united  in  diluted  acid, 
the  zinc  is  acted  upon  morey  and  the  copper  less,  than  if  they  were 
immersed  separately.  A  sheet  of  copper  undergoes  rapid  corrosion 
in  sea  water,  the  green  oxy chloride  being  foimed ;  but  if  it  be 
associated  with  another  metal  more  electro-positive  than  itself,  fiuch 
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as  zinc,  it  is  preseTred,  and  the  zinc  undergoes  a  chemical  change. 
DaTY  attempted  to  make  an  important  practical  application  of  this 
&ct  He  found  that  the  quantity  of  zinc  requisite  to  effect  a  com- 
plete preservation  of  the  copper  was  proportionahlj  very  small.  A 
muill  nail  of  the  former  metal  will  preserve  forty  or  fifty  square 
inches  wherever  it  may  be  placed;  and  he  found  that  with  several 
pieces  of  copper  connected  by  filaments,  the  fortieth  of  an  inch  in 
diameter,  the  eifect  was  the  same. 

Sheets  of  copper  protected  by  -^^  and  jj^  part  of  their  .<»ur- 
face  of  zinc,  and  of  malleable  and  cast  iron,  were  exposed  during' 
many  weeks  to  the  flow  of  the  tide  in  Portsmouth  harbour,  their 
weight  before  and  after  the  experiment  being  carefully   notwi. 
When  the  metallic  protector  was  from  ^^  to  jl^,  there  was  no 
coiroeion  or  decay  of  the  copper ;  with  ^  to  ~,  there  wa.s  a 
loss  of  weight ;  but  even  j—  part  of  cast  iron  saved  a  portion 
of  the  copper.     It  occurred  to  Davy  that  this  principle  miprht  be 
applied  to  the  preservation  of  the  copper  sheathing  of  ships ;  but 
unluckily  it  wbs  found  that,  unless  a  certain  degree  of  corrosion 
takes  place  in  the  copper,  its  surface  becomes  foul  from  the  adhe- 
sion of  sea-weeds  and  shell-fish.     The  oxychloride  formed  when 
the  sheathing  is  unprotected,  acts  probably  as  a  poison  to  theso 
plants  and  animals,  and  thus  preserves  the  copper  free  from  forei«rn 
bodies,  by  which  the  sailing  of  the  vessel  is  materially  retarded. 
It  was  proposed  by  lieinsch  (Jahrh.fiir  Prakt.  Pharm.y  vii.  p.  94) 
to  cover  the  copper  sheathing  of  vessels  with  a  thin  layer  of 
arsenic  in   the  moist  way.     This  coating  would  cost  very  littlf, 
would  not  be  acted  upon  by  the  salt  water,  and  would  i)revent 
mollu8C€e  from  adhering  to  the  bottom  of  the  vessel. 

(99)  Modifications  of  tlie  Simple  Galvanic  Circle. 

1.  The  Original  Cylindrical  Battery. — This  is 
shown  in  Fig.  125.  It  consists  of  a  double  cy- 
linder of  copper  closed  at  the  bottom,  to  contain  \ 
the  acid,  and  a  similar  but  smaller  cylinder  of 
zinc,  which  is  kept  from  touching  the  sides  of  the 
copper  by  pieces  of  cork  ;  both  are  furnished  with 
wires  terminated  by  cups  to  contain  mercury  for 
the  convenience  of  making  and  breaking  the  cir- 
cuit. The  quantity  of  electricity  set  in  motion  by 
these  simple  circles,  when  on  a  large  scale,  is  very 
great,  but  the  intensity  is  very  low.  No  physio- 
lo£,'ical  effects  are  experienced  when  the  body  is 
included  in  the  circuit,  nor  is  water  decomi)osed  ; 
their  calorific  powers  are,  however,  so  great  that 
they  were  called  by  Dr.  Hare  calorimotors. 

2.  Pepys's  Battery y  as  arranged  by  him  for  the 

use  of  the  Royal  Institution.— This  is  shown  in  Fi^.  126.     It  conswlvid  oi  a 
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I  pf  linr.  lod  (UK  of  «ipprr,nalcd  round  each  other,  each  btingiiztfM 
:  uul  tw'i  (tti  wiJi ;  (hey  weie  kept  Mimdar  In-  the  iDterraatian  i^  id- 
*.  and  nitprnded  mtt  ■  tab  cl  add,  »  that  bj'  a  pulley  or  kku  iA 
;>  MCtfiTBiiiV  tbfr  roDid  be  immened  and  ramored.  About  tSj 
kC*  t^  AWvit  acid  wen  m|Dired  to  chai;gti  thla  battery,  and  its  poiiff 

;.  Snn'r  Fki'limmil  Silrtr  Batlity. — A  call  of  tbli  battery  ii  iluinD 
127.  I:*  aJrantaiies  cosnit  in  Iba  mecbaolcal  help  whieh  Uia  Mr 
d-il  p'.aEiRam  £>n  the  rnrhee  of  the  ailver  aJTordg  to  the  arolil' 
r.-'jta  ji-i.  In  the  ordinaiy  arT*n|;etne&t  ef  copper  and  Eiiic,  ta 
lir.i.  Tho  bytln^Kn  in>  hai  a  tendency  Id  adhere  to  the  imoolh  1 
t*  1-  p;  tt  or  silver  (rhe  iKf;atiTe  mnala),  and  its  presence  ia  the  1 
Ti^  jqu;d  hu  the  eOect  of  redaciiiK  tbe  sulphate  of  cue,  and  cai  _ 
.^iti.'n  if  n^clallic  zinc  00  the  negatire  metal ;  thna  Impairing,  ud  b 


the  cviirn?  <>f  time  stopping,  ihe  action  of  the  battery.  In  the  plitieixd 
tiilvrr  ballery  a  line  ponder  of  melallie  platiaam  is  deposited  on  the  alrn 
plate.  This  v  done  by  immeriinic  ilie  plate  in  water  to  which  a  littledilott 
rulphnrie  add  ami  Mdutloa  of  diloriile  of  platinum  have  been  added,  i 
simple  circuit  it  then  formed  by  vonneeting  the  plate  metallically  itith  1 
line  plate  placed  in  a  porous  tnbe  containing  dilute  sulphuric  acid.  After 
H  short  time  the  silver  boeoniM  conted  with  reduced  platinum  in  the  form  « 
a  ficie  black  powder.  The  surface  of  the  silver  plat«  xhould  be  roughenxl 
by  bru^hin):  it  over  with  a  little  slr<mg  nitric  acid  previous  to  immersiiigii 

.\  ^eet  of  phitinised  silver  (bus  prepared  Li  attached  to  a  benm  of  wml 
.iiid  b  famished  with  a  binding  screw  ;  on  either  side  of  it  is  liiccd  a  pliN 
of  nmalgamaled  zinc  Taniof!  from  one-half  to  the  entire  width  of  the  silvf  r : 
these  plates  sre  held  in  thtir  places  by  a  binding  screw  suiGcientlj  viile  10 
embrace  both  the  lines  and  the  wood.    The  arrangement  la  immraed  in  » 
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t  canUuning  >  mlxtare  of  Dneputofc^of  vitriulandaaven  parts  of  water ; 
it  the  alightHt  eSect  b  prodoced  till  a  communication  ii  made  by  a  coD' 
iMor  between  the  two  metal^  when  tonents  of  bydrogen  gaa  euspa  from 
lA  neg&tive  plate,  and  an  active  TOltaic  camnt  is  set  in  motioo. 

4.  Daidifft  Sulphate  of  Cajyier  or  Comiaitl  BaUerg.—Tite  hj'drogen 
VolTed  from  the  negative  plata  of  a  oommon  galTinie  batleiy  hu  a  two- 
Md  iquiioiu  tendency.  In  tbe  fint  place,  it  ledncei  the  oxide  of  zinc, 
mA  depoaita  metallic  zinc  on  the  negative  metal,  thereb}-  greatly  reducing 
iba  ttrindatlng  force ;  and  Becondly,  during  the  aaaamptien  of  a  gaaeoua 
hmi,  it  iDterferea  with  the  development  ofsDruiiik  electricity  by  annulling 
•  OOnnderable  portion  of  that  actually  generated.  It  was  a  desirable  object, 
thanfore,  toget  Hd  of  it  altogether,  and  this  Mr.  Daniell  was  the  first  to  effect. 
&  cauasd  tbe  hydrogen  liberated  by  tbe  decoinpoeition  of  water  in  the 

Wttery  to  perform  chemical  work,  instead  of  allowing  it  to  eacape  as  gas. 
Fig.  laS  represents  a  single  cell  of  the  constant  batt«Ty ;  it  is  a  cylinder 

(fcopper,  in  which  is  placed  a  cylindrical  vessel  made  of         Fig.  iiB. 

nglazed  biscuit  ware ;  in  tbis  porona  tube  a  solid  rod  of  ... 

Uialgamated  zinc  is  introdnced,  care  being  taken  that  it 
doea  not  londi  tbe  porous  tnbe ;  thecopper  vessel  la  filled 
>ith  a  saturated  lolatian  of  sulphate  oT  copper,  with  a 
Ittle  sulphnilc  add ;  the  porous  cell  ia  filled  with  dilute 
inlphuric  add,  and  on  a  perforated  shelf  filed  to  the 
apper  part  of  the  copper  cylinder  crystals  of  sulphate  of 
•opper  are  plaeed  in  order  to  keep  tbe  liquid  satniated 
with  the  saline  capper  solutioD.  Onmakingacoadactlog 
conimunicalion  between  the  two  metals,  water  la  as  usual 
decotapoaed,  bat  the  hydrogen,  Instead  of  being  given 

off  In  the  form  of  gas,  passes  through  the  porous  oell,  and,  

entering  tbe  copper  solution,  reduces  the  oxide  of  copper, 
while  the  sulphatB  of  zinc  is  retained  in  the  porous  celL     If  tbe  shelf  be 
kept  well  sapplied  with  crystals  of  sulphate  of  copper,  tbe  battery  will 
maintain  an  eqaal  action  for  many  hours. 

The  maimeT  in  which  tbe  force  is  traasmiUed  through  the  cells 
mttj  be  illnetnited  h;  the  subjoined  diagram,  where  sulphate  of 
copper  ia  regttded  u  a  compound  of  copper  with  tbe  compound 
radical  oxjsnlphion  (SO,),  and  dilute  sulphuric  acid  as  a  compound 
of  hydrogen,  with  the  same  radical;  the  bracketa  above  the 
ajmbob  indicate  the  connectiDn  of  the  particles  before  the  plates 
are  brought  into  contact,  and  those  below,  the  arrangement  of  the 
molecules  after  the  eonnectiou  has  been  made,  i.  a  repreAenting  the 
porous  diaphragm; — 


Cu  Cu  9O4  Co  S0«  *-  H   SO, 


When  th«  Daniell  latlwy  is  required  for  continued  action,  it 
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is  better  Dot  to  niualgamata  the  zinc  plate,  and  tbe  iMttery  is 
conBtant,  though  not  tvi  powerfiil,  when  the  line  cell  bee 
satuiated  with  sulphate  of  zinc,  provided  the  salt  does  not  erjilii- 
Use.  Although  the  porous  cell  retards,  it  does  not  entirel;  perent 
the  mixing  of  tlio  solulioQB,  and  ufW  a  time  much  of  the  copper 
solution  escapes  into  the  zinc  cell ;  tbe  latter  should,  therefore,  h 
larger  tliau  the  cell  containing  the  copper  aolutiOD  when  condsned 
action  is  required.' 

5.  Grnc^i  IViirir  Acid  Ballrry, — TnthisamDgaiiieQttheh}'dn>gaii>tl» 
maile  to  do  chemirnl  work.  The  elements  of  the  battttr  are  platinum,  liK 
dilute  xulpliuric  acid,  and  nitric  acid  of  common  strength.  IIm  sin:  dt- 
meiit  ia  a  fvlinder  z  {Fiir.  139),  open  at  both  ends,  and  divided  longih  ~ 
nallf  ;  this  is  plunged  into  a  glaea  or  atoneirare  vessel  containing  dO 
Pig.  119-  Ig-  ISO- 


sulphuric  scid  ;  tlie  platinum  plate  i'  (Fig.  130),  wbicli  may  be  cornigalei] 
to  give  it  greater  surface,  is  immersed  in  a  porooa  ceU  eoritaioing  nitric  adi 
The  energy  of  this  combination  is  very  great-,  the  hydrogen,  on  emerfing  I 
IVom  the  porous  cell,  encounters  nitriu  add,  itbieh  it  decompoies,  aeizing 
oiygen,  with  which  it  re-fonns  water,  a  lower  osida  of  nitrogen  being  it 
the  SDtUB  time  pn>dur»^  and  diasoked  in  the  nitric  acid,  wUch  accordinglj 
ehanfies  colour,  becoming  liret  yellow,  then  green,  and  then  blue. 

liie  manner  in  which  Che  force  ia  transmitted  isexhibited  in  the  fbUoK- 
ing  diagram,  where  nifrio  acid  ia  represented  by  the  aymbol  (HN0jO)= 
(HNO,),  and  dilute  sulphuric  acid,  as  before,  by  (HSOt).  the  bracket!  shore 

'  A  battery  known  as  the  '  File  Marie  Dam,;  in  which  sulphate  of  mw- 
cury  and  carlwn  electrodes  are  substituted  for  [he  sulphate  6t  ci^per  aid 
roppcT  electrodes  of  the  Daniell  battery,  was  exhibited  at  the  I  Dternatioml 
Exhibition  of  i353  by  J.  A.  Deleuil,  of  Paris.  This  new  form  is  dean  and 
constant,  but  it  is  weaker  than  Daniell's  cell  j  it  hss  considerable  inherent 
resistance,  and  ia  expensive  in  the  first  instance,  but  it  has  been  nwd  to 
some  extent  in  France  for  telegraphic  purposes. 


bdnsen's  cabbon  battert. 


N^mboU  indicating  ti 
Hnr  the  aymbola  llie  sta 
Bd  platinum  bas  been  mi 


•rt  of  the  nitiic  acid  ia  molvcil  into  wat 
laaolYcd  in  the  ondecomposed  nitric  acii 
mdnctor. 

The  superior  power  of  thia  batiery  is  llit 
T.  PhU.  Mag.,  vol.  nv.  p.  289) ;— '  In  the 
le  leanlting  power  is  Che  affinity 


ifuri 


ly  its  auMioT  (Z,.  and 
:  and  copper  ba(t«jy, 
miniu  its  affinity  for 


ippet.  In  the  cnmrnon  oODSlant  bitteiy  (Uoniell'a)  it  la  aa  ttie  same  aainily, 
Ina  that  of  oiygen  for  Dilrogon,  minua  that  of  mygen  fur  copper.  In 
le  oitrio  icid  battery,  the  same  order  of  positive  affinities,  minus  that  of 
xjgen  fbr  nitrogen.  As  nitric  acid  patta  with  its  oxygea  more  readily  than 
zide  trf  copper,  reaiatance  ia  lessened,  and  the  power  correlatively  increased. 

nd  a  poweifiil  opposed  force  ia  creatad  ;  in  the  aulphate  of  copper  battery, 
opper  is  piecipitated,  and  the  opposition  ia  lessened  \  in  the  nitric  acid 
iattei7,  there  is  no  precipitation,  and  consequently  no  count eractinn." 

6.  fluiuni'a  Carbon  Batttry.— [bib  Bubelitntion  of  carl™  fur  platinum  in 
be  nitric  acid  battery  waa  the  suggcition  of  Buneen  {Archivei  de  CElec- 
riciW,  No. -rii.  p.  103:  Fogg.  Ann.,  vol.  iv.  p.  265].  The cstbon  ia  prepared 
ly  heating  together  in  proper  proportions  a  misture  of  well-tiumt  coke 
ind  pit-coal,  both  in  fine  powder.  The  mixture  is  heated  over  a  moderate 
iharcoal  fire  in  sheet^iroo  moulds,  or  in  the  form  of  hollow  eyliniiers,  by  in- 
Todndng  within  the  iron  mould  a  cylindrical  wooden  boi,  and  filling  with  tbe 
nixture  the  interval  between  the  two  walla.  To  reader  the  porous  maas  eom- 
lact,  it  ia  plunged  inlc  a  concentrated  solution  of  sugar,  and  dried  until  (he 
mgai  had  acquired  a  aolid  coneialenee.    It  ia  afterwards  exposed  for  several 


bonra  to  the  ■djai  of  very  intenae  heat  in  a  covered  vessel.  It  discs  ai 
quired,  they  ve  cut  out  of  a  cnbical  block  of  the  prepared  carbon,  and  poli 
in  apUte  of  grayatone.    Btmaen's  battery  has  tbe  cylindrical  form  of  Dan 
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(Kii*.  iji).  Etch  carbon  cylindereuTi<i*ti(aiippBrpaiia«dl>i('a|fi^ 
i-un-yiDj;  n  atrip  of  the  um»  msul,  b;  wliieb  It  CU  b«  msUlUeillrctnNMl 
liy  mcaos  of  pinchers  with  uother  metal  itnp  loldeml  to  the  BM  cjliiAi 
in  llie  sdjoiaing  cell ;  can  muit,  hoverBT,  b*  tak«B  that  Ow  caibMi  erliota 
ii-  !iinii!ient1y  high,  that  the  put  which  carrlea  the  copper  ring  dull  ik 
■liovc  thei^luu  Te«Bel,  and  coniwqaenllj  shall  in  no  waj  eoma  ^  '  ~~"' 
with  the  nitric  avid.  It  ia  difficalt,  hOTrerer,  to  prevent  thla  In 
t>f  the  pomoity  of  thfl  carbon,  and  the  ring  must  tharofore  In  r 
uattied  every  time  the  battery  is  uaed.  The  poroiu  earthen  cellliplairf 
with  the  caiboa  cylinder  in  which  ia  contained  the  nine  element. 

According  to  BunseD,  with  equal  naifaccB,  the  powen  nfa  platinimtDl 
carlwn  battery  are  nearly  equal )  and  according  to  De  li  Rive  the  eaiiiM 
It  is  Btated  by  » " 


(loo)  Compoond   Voltmle  Olrolea   sr  Battorlaa. — Volu'l 

'.pile'  (Fi^.  izo,  p.  167)  was  the  first  compound bsUeij  that «i 
cooatructed ;  it  is  easy,  however,  to  see  that  inanj  iacoiiTBniencei 
must  attai;h  to  it  when  the  plates  are  numeroua ;  in  additioD  to 
the  trouble  of  building  it  up,  it  ia  frequently  leudared  oomput- 
lively  inoctJTe  bj  the  moisture  preBsed  out  of  the  lower  part  tif 
tlie  weight  of  the  upper  ;  hence  the  subatitutioa  of  troaghs  lad 
other  ammgetneuta.     Volta's  'rouronnet  det  tame*'  (^g>  132)  i* 


the  moat  simple  of  these  anangements.  This  consists  of  a  low  of 
small  glasses  ot  cups  contaitiiug  dilute  sulphuric  add,  in  each  o( 
which  is  placed  a  small  plate  of  copper,  about  two  inches  sguan, 
and  another  similaiVBized  plate  of  zinc,  not  touching  each  atiar,  I 
but  so  couetnicted  that  the  nac  plate  of  the  first  glass  may  be  in 
metallic  communication  with  the  copper  of  the  second,  the  tiiK  0! 
the  second  witb  the  copper  of  the  third,  and  so  on,  thron^ont 
the  series.  Bj  this  arrangement,  when  glasses  are  employed,  v> 
can  see  what  ia  going  on  in  each  cell ;  and  if  the   dnc  [JatM  ^ 
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amalgamated,  it  will  be  observed  that,  when  the  wires  are  con- 
nected, and  consequently  when  a  current  is  passing,  all  the  copper 
8iir£ace8  are  rapidly  evolving  hydrogen  gas,  while  the  solution  of 
the  zinc  proceeds  quietly ;  but  that,  when  the  connection  between 
the  extreme  plates  is  broken,  the  evolution  of  gas  ceases.  Eighteen 
or  twenty  pairs  of  plates  will  decompose  acidulated  water  rapidly, 
and  thir^  will  give  a  distinct  shock  to  the  moistened  hands. 

2.  Cruickshanlcs  Battery, — In  this  modification,  shown  in  Fig. 
133,  the  plates  are  fixed  in  pairs  in  a  trough  of  wood,  so  that  the 

Fig.  133- 


exciting  liquid,  which  may  be  either  dilute  sulphuric  acid  or  solu- 
tion of  sulphate  of  copper,  may  be  easily  removed  and  renewed. 
3.  BabinfftcvCB  Battery  (Fig.  134). — The  plates  of  copper  and 

Fig.  134- 


VW 


rinc^  usually  about  four  inches  square,  are  united  in  pairs  by 
Boldeihig  at  one  point  only ;  the  trough  in  which  they  are  im- 
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iuei9«d  U  m&de  nf  eanbenware,  and  divided  into  ten  or  iweln 
equal  coinpartnieiits.  Tha  plates  bib  attached  to  a  atrip  of  wend, 
Rud  »o  arranged  that  each  pair  shall  eocloae  a  partition  hetwces 
tliemi  bv  this  Brranjrementthe  whole  setmaj  be  lifted  at  once ' 
ur  out  of  thu  cellsj  and  thus,  while  the  fluid  remains  in  the  tnagb, 
the  ociiuQ  of  the  plates  maj  be  suspended  at  pleasure,  and,  wia 
corroiled,  easily  replaced.  The  piece  of  wood  to  which  the  platea 
are  attached  should  he  well  dried,  and  then  vomiahed  in  oidvto 
ivnder  it  a  uon-conducter  of  electricity.  When  BeveraJ  of  tlieM 
troughs  are  10  he  united  together,  it  U  neceesary  to  be  careful  is 
their  amiDgement,  as  a  eingle  trough  reoened  will  very  moterisllj 
diminish  the  geot-rol  effect.  Core  must  aUo  be  token  to  in 
perfect  conimuDication  between  the  seTeial  plates. 

4.  Jt'oUattoa'i  Battiry. — The  copper  plate  ia  here  doubled,  so  u 
to  oppone  it  to  both  surfaces  of  the  dnc,  as  shown  in  Fig.  13;. 


A  lepreseQta  the  bar  of  wood  to  which  the  plates  are  screwed; 
s  B  B  the  line  plates  connected  with  the  copper  plates 
c  c  c,  which  are  doubled  over  the  zinc  plates.  Contact  of  the 
surfaces  is  prevented  hy  pieces  of  wood  or  cork  placed  between 
them.  Ten  01  twelve  troughs  on  this  construction  form,  an  effident 
voltaic  battery. 

5.  Danidrt  Compound  Battery. — A  set  of  sii  is  shown  in  fig. 
136,  and  a  large  set  of  ten  in  Fig.  137-  A  seriea  of  thirty  cells  of 
the  smaller  size,  six  inches  high  and  three  and  a  half  inches  in  dia- 
meter, forms  a  powerful  battery ;  and  a  series  of  seventy  cells  rf 
the  larger  size,  wheu  airanfred  in  a  single  aeries,  between  charco»l 
terminals,  produces  a  vollajc  arc  -Caa  heat  of  which  is  suffidetitlv 
intense  to  fuse  bars  of  platinum  ooe-eigbth  of  an  incli  square,  and 
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ti>  melt  in  coDuderable  quantitias  the  moat  infusible  mf tals,  sucli 
u  rbodiiUQ,  iridiam,  and  tatanium. 

Id  one  form  orsnother,  DanieH's  batten-  is  now  chiefly  ured  itv 
Xae  Efli^  telegraph  companies.  A  rerv  compact  arrangi-'Difnt  wum 
nhibited  at  the  lutenuitionBl  Exhibition  of  1862  liv  Mt<:<sr:i. 
Keid  Brotbeis  {Jarori  JUpoii).  A  glaas  trough  is  Bubdivided 
inio  cells  by  fiTe  partitions;  this  cellular  trough  is  formed  of  ouu 


solid  piece  of  glisa.     ilach  cell  is  agnin  subdividi'd  by  n 
plate,  cemented  at  each  side   and  at  the  bottom  betwei' 


.   poird   »tand 

ire  oltemntely 

This  liHttery 


iu|f(!d  r.ir 


clieeks.     The  zinc  and  copper  plates   connected   i 
lUlride  the  glass  partitions,  and  the  auhdiviBions 
Jilied  w-ith  sulphate  of  copper  and  acidulated  water 
18  strong  and  portable,  but  the  porous  plates,  when  w 
odIv  be  removed  and  replaced  with  difficulty. 

6.  Sme^a  Compound  Battery. — A  set  of  nx  cells, 
iulenaty  effects,  ia  shown  in  Fig.  138 ;  the  plates  are  raised  frmi 
and  imraeraod  into,  the  cells  by  means  of  a  winding  apparatus.  A 
series  of  ten  or  twelve  forms  an  efficient  battery.  It  is  important 
in  using  this  arrangement  to  take  cure  tliat  no  salt  of  copper,  lead, 
or  other  base  metal  be  dropped  into  the  exciting  liquid,  as  in  that 
ca«  there  ia  a  chance  of  gettiug  a  deposit  on  the  negative  nictal. 
A  useful  form  of  Smea's  battery  for  telegraphic  purposi-s  wa^ 
«ihibited   Ht  tha  lateniational  Exhibition  of  1862  l)y  E.  T'JL't 
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K.i  r«pki_-vd  :  thcT  lie  in  b  luioa 
i  juble  piirp-:«e  of  jnaSnifinnw  tbe  x 
>sd  of  makiDz  coatMTt  betrera  the  copper  aad  xinc  atrip  wUeb 
Cjunec'J  th>3  zinc  with  a  platmued  slier  (date  in  tha  next  cdL 
Thucopp«T  nrip U inmlBted  \iy  ^iiHi  |wii1m,i  iiii|iI  pIk  iiiiiiimiil 
br  the  m^KMTj.  TeiT  little  local  aeticB  can  Ivke  plaee,  owiif  to 
the  tboToiurh  and  ccnstant  aiaaLmnatioD  of  ths  line;  and,  theiv- 
fi^re,  if  the  riicuit  be  onli-  occadooallr  cIo«ed  for  ahait  periods,  it 
irill  Kmaia  rerj  oonstant.    Sr.  'Walter  labatitirtea  gAifiiU  k 


platinised  eilTer  in  hia  modification  of  Smee's  iMtteiy,  end  he  baa 
mare  recentlv  platinised  the  graphite,  hv  which,  he  states,  the 
liheratioD  of  hydrogen  is  much  ikcilitated,  and  polariaation,  one 
great  defect  of  ungle-flnid  hstteries,  much  diuiimBhed.  The  c<et 
of  the  pUtinUing  process  ia  about  an*  hal^)emi7  per  plate  of  7  inches 
by  3  inches.  The  platinised  plates  are  said  also  to  keep  much 
cleaner  than  the  simple  graphite  plates. 

7.  Orot^i  Compound  Battery. — A  set  of  fnui  ceUa  arrai^ied  in 
series  is  represented  in  Fig.  1 39,  and  in  sectioa,  Pig.  140,  and  the 
first  set  of  plates  removed  ^m  the  porcelain  through  B  ebcwi 
clearly  the  airsngement.  A  aia  the  bent  zinc  plate,  a  the  plati- 
num plate  in  its  porous  cell,  c  the  next  platinum  plate,  couuected 
by  means  of  a  binding  screw  with  the  rinc  at  a. 

A  seriea  of  fire  cells  of  thia  batlery,  conUimnK  altogether  ibout  four 
•quire  feet  of  platiiinm,  libemted  from  addnlaled  water  no  cubic  inches  rf 
DTvgen  Bud  hydrogea  gases  permlnute.  A  series  of  flfty  cells,  thepUtinnni 
platei  bdng  tiro  inches  by  tonr,  produced  betireen  charcoal  polntsavolnmi — 
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r*  BIBS*  vf  Irsa. — "^Vbei  i:^>::  wire  is  immened 
!..•-:     •:    J-   :  ;f  .  ::  1*  LTTh-rrS'i  "■rith  vioIeDce :  but  it 

-  -  -  ■-:  :-  "^.T  ,":-iz  H-?s:bfZ  tiAi-  :i  ibe  wire  betseo- 
K-  1  :  :  -  •••  :  r:ii  :r  :5  ^iLdzTT..  it  b  qmte  ioactiTem 
: L.  ■  rT- :  J*  -  I•Il^T  : :  jT' -'•r  '^  wize  iwrhile  in  the  add 
t-_: .  -  :  J-  1  i  1*  s-T^ri-r"  -  ■  r^-rder  it  inactive,  and  to 
:  r  i-.i .  -  *•. .  *"rfr.  if:<rT  ".•*  ?*=>:-Ta!  of  the  platinnm or 
•  I  ■  i-vs  .'.  -ri:!  fc3r".if?  Tt?^  :f  iTt?n  or  zinc  wire,  it 
-.*•  :•  vrrr:^^-  irr-s-i  izrz.  H-s**:  has  a  amilar efiect 
1^  '  ■  -  r-  :  ■  k-*z=.T  iz  iu^T*  state :  if  cne-half  of  a 
f--'    -  1-  i.-ri  n  L  F:ih>lL=:r  ::z:il  a  "blue  tinge  is  TinUe, 

..•=■--.'.:    :•:•;  L  ti-r  *i  i  *i:s:  has  b?en  heated  ifl  quite 
.:   :.--.:   i.:-Ltlr  iJi'^rtttei  ri:!  teinz  powerfiillv  acted 

-  :   -  :iT  i-i:-i  rz.i  ":•*  r-::n«5  brfj'ht  with  sand-paper, its 


.  _  «  .  .& 


■B-.:^  i:^;  ir-r  :1a:  :*  actire  are  dipped  into 
.   .--  .    •-.  .:  ij"  z-.ttj:  i.:iL  XLi  ziiir  to  touch  adore  the  liquid. 

■  :  -I  :  I  :■-.--  -:-rr  1?  i^j-.viiTt-i  w::h  a  passive  wire, and  both 
.--:..:  It  : : . i.  :"ir  rcw; -  -^Ire  ei:eniiz  the  liquid^n^,  the 
-  — -  .-  r-:  irrri  z.J^^^i'r  :  :':.:*  "svire  will  now  render  another 

...    - .--  ■;.:->-:- T.t'if  ^E-xri  wire  will  destrov  the  actintv 

■  • .  -  .  -     ■_  i  =.     r. .  ::  :'i'r  ■:v:rrs  be  removed  from  the  acid. 

:_■:    rr-irr 'i-:^:.  tlfir  a.T::ve  conditi:>n  is  found  to 
■:-■   -   '.     '    -  :;r- ;.?r   ^^i:"  rr-frrr'i  passive  bv  repeating  the 

'A"„--   Ai  ir  -_  •:^lr-  ':r::-r::ei  :v  riatinum  is  immersed  in  a 

>  :  ■■  .  :*  :.:Tri:-r  ::'  :'  '.kt  :l  zitrl:  aoid.  it  remains  bright;  if  the 
-. -■  :■•;■::■.  r  :'.■::.--;:.  ':.-:  rruirvei  inziediately  after  the  immeraon 

:..:  .>>.':.ji:T:  l.- :.-.'.-  :n  :"--  fdline  solution,  metallic  copper  is 

r.-."."v  ::i:r_r  i:  .'i'-'.'--  rr-?::  ::A:ri  uron  the  iron  wire,  but  if  the 

:•%  ■   v-  :.r.?  *:«r  ?.I1   -v.  i  :    r^njiir.  ir.  c?Etact  for  an  hour  or  so,  the 

.....  ^v-.n  wi/.  TrTiiir-  ::*   nrij-htriess  in  the  solution  for  any  lenjrth 

I:"  ,*,  '.".:r  r  a -jive  wire  be  placed  in  a  vessel  containing  nitric 

>  -  !   •:■•'.  a  virvV  of  onlinarv  iron  wire  bent  into  the  form  of  a  fork 


.  «*■ 


•■ 

«!>-«• 


'v  <■."..:  .iv'w::  i:  i:::^  ihe  add.  it  assumes  the  passive  condition:  if 

'..'!'*:  ^vire  it*  r^^iuovt-d,  the  fork  continues  inactive,  but  is  in- 

%;,.*.'.:  ^    ::irvnv:i  into  action  by  touching  it  with  another  piece  of 

1  v:  ov.o  o::d  of  a  platinum  wire  be  connected  with  one  extremity 
.'■  ,1  j;,r.\  a:: o'.r.c ter.  aiid  lot  the  other  dip  into  a  glass  containing 
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kiitric  add ;  if  now  one  end  of  a  piece  of  ordinary  iron  wire  be 
connected  with  the  other  extremity  of  the  galvanometer,  and  the 
opposite  end  of  the  wire  dipped  into  the  acid,  the  latter  will  be 
found  to  have  no  action  upon  it,  and  the  needle  of  the  galvanometer 
will  remain  stationary ;  let  it  now  be  tonched  with  an  ordinary 
iron  or  zinc  wire,  it  will  immediately  start  into  activity,  and  the 
needle  of  the  galvanometer  will  be  violently  deflected.  In  this 
experiment  a  piece  of  iron  wire  that  has  been  rendered  inactive 
may  be  substituted  for  the  platinum  wire. 

If  several  glasses  be  filled  with  nitric  acid,  and  connected  to- 
gether by  arcs  of  associated  platinum  and  iron  wires,  the  circuit 
being  established,  as  in  the  above  experiment,  through  the  galva- 
nometer, the  wires  in  all  the  glasses  will  remain  passive  until 
the  iron  in  <me  is  touched  in  the  acid  by  an  ordinary  wire ;  the 
wires  in  aU  the  glasses  are  then  thrown  into  activity,  the  galvano- 
meter being  powerfidly  deflected. 

A  voltaic  battery  consisting  of  zinc  and  passive  wire,  or  of 
passive  and  active  iron,  in  either  case  excited  after  the  manner  of 
a  Grove's  battery,  was  described  by  Professor  Schonbein ;  its  power 
was  stated  to  be  very  fpreat;  it  is  not,  however,  an  arrangement  to 
be  recommended. 

8.  CaUofris  Compotmd  Cast-Iron  Battery. — Oast  iron  and  zinc 
form  an  effective  voltaic  circle.  Mr.  Sturgeon  first  suggested  the 
use  of  these  metals  (Annals  of  Electricity,  vol.  v.)  A  prodi- 
gious battery,  the  largest  probably  that  was  ever  made,  was  con- 
structed by  Professor  Oallan,  of  Maynooth,  cast  iron  being"  the 
negative  element  {PhU,  Mag.,  vol.  xxviii.  p.  49).  It  consisted  of  300 
cast-iron  cells,  each  containing  a  porous  cylinder  holding  a  zinc 
plate  four  inches  square;  no  cast-iron  cells, each  holding  a  porous 
cylinder  and  zinc  plate  six  inches  by  four;  and  177  cast-iron  cells, 
each  containing  a  porous  ceU  and  a  zinc  plate  six  inches  square. 
The  entire  battery  consisted,  therefore,  of  577  voltaic  circles,  con- 
taining ninesty-m:  square  feet  of  zinc,  and  about  two  hundred  square 
feet  of  cast  iron.  It  was  charged  by  pouringinto  each  cast-ii-on  cell 
a  mixture  of  twelve  parts  of  concentrated  nitric  acid  and  eleven 
and  a  half  of  strong  oil  of  vitriol,  and  by  filling  to  a  proper  height 
each  porous  cell  with  dihite  nitro-sulphuric  acid,  consisting  of  about 
five  parts  of  sulphuric  acid,  two  of  nitric,  and  forty-five  of  water. 
In  charging  .the  entire  battery,  there  were  used  about  fourteen 
gallons  of  nitric  and  sixteen  gallons  of  sulphuric  acid. 

The  discharge  of  this  battery  through  a  verj'  large  turkey  instantly  killed 
it.  Til  order  to  give  the  shock,  a  piece  of  tin  foil  about  four  inches  square 
was  placed  under  each  wing,  along  the  sides  of  the  bird,  which  were  previously 
stripped  of  their  feathers  and  moistened  with  dilute  acid.    The  foil  was  kept 
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•  • .  *.  -ftr:  -r-.-T  ■:":••  »c:  zj  ;reafisz  tbe  wingv  igainit  the  sdeL  Ik 

• .--  ".  ▼  -..:  :-  :  •*•«  It:-:  ijc  &  -rtrr  ikiek  doch  between  each  bud nd the 

«  "  J  '  -•*:>^  :-  atTt  i  .3  fr-s.  i^  i&Dck.   When  the  difdiuge  tookpliB^ 

■^  :-  -.  I  -  rwr  "»v^  a  ?:c2-«»:r.  widi  the  n^^tive  end  of  tbe  luttey 

Ti.-  --.t  1  y.nZKZ  -wnz  ft  icide  r~r  c»:€meetcd  "with  the  poativ«aii,i 

-..  .1.--  L^r.r  ▼«  :=*-ir->  jr:»r»!e»i    The  eoppfr  wire  was  gniullr 

-riri.*-:  -^-n  ■::.*  : rt*  rnj xni:  -bearv  of  li^c  wms  broken.  ThegmM 

m 

WmMiKT  Battery. — TVhen  m  series  of  some  hundred 
hi.i  xz-pcT  *n  anmziced  Toltucallj,  and  cfavged 
T- : :  r  tizi-  z  «-&:«?.  a  aanerr  is  obuiaed,  the  elec^icity  of  whidi 
.•  c  I  1.^1  i-^.z7K  ?:  iz.Ztrzscy,  reupmMing  that  of  the  oommoa 
-  "irr.  -•_  ~  !.'■--»» :  iikiMC.  by  eoDDieexiDg  the  extremities  of  sodi 
i.'  i.--i^:rr'Ti-e-i  -ri'^  i£e  3Der  aad  enter  ooatiiigsof  aLeyda 
•u"-^   -T  ':t-r  Ti-'^  ffLLrrs*i  90  isstactlT  that  alinost  oontiinioDi 

V:  .>  -wtr  iJT:ki:j«c  z.inci  pabs  of  copper  and  zinc  phitoSypAyiiig 

J — »•  k-.rZ'Ji.  -  :;  i2f£*a:z-     When  the  opposite  poles  of  tie 

^.  -  .^  -v^^  .r  z3f:tc<£  vi:l  :be  isser  and  oater  coatings  of  a  Lejden 

j-fr?    -•.-•A"-*j'  -J  :W:  o:  sar&ce,  a  continued  chaige  ms 

■..!-:  j-i»:*-  Tii*:i  i-sCifcrj*  bezzr  accompanied  by  a  lond  lepoit, 

J  «:  .1^  -— 7r-T*Ttr.  iz.i  r.i5iiir  *ilrer  leaf  and  pl^tinnm  irire. 

Vr    -•  u»"w . :  ?-":«»: -•fr:>  c^nstmcted  a  water  battexy  of  3,520 

.,.^^     -  .-:-«:.•  Lzi  rirc  cylai*r?^  each  pair  being  placed  in  a 

,  -w  -5-^  ^  i.?o  TT-j«jrl.  -^iZ  cTT^Ttd  with  a  coating  of  lac  Taniish. 

\     •     •*-.  •  T'i-:.:  ill  :l-f  zrsca-iicss  taken,  the  insulation  was  still 

.  :»-:.,:.    r-.r   i.e?  Trrfer:  iz^ulanjn  seem  attainable  for  any 

.  ..    »,..:  -.,-r..c  Tr,-Si  ?-ci  *z  ciicnded  series.     The  following 

■:-j:  :!:*  IdTTrrj  4^  described  by  Mr.  Gassiot  (PhQ. 


■1^  :5— 


v-  » 


^»  »•% » ■* 


*  On  connecting  the  oq)per 
wire  fruin  the  extreme  cell* 
with  the  plates  a  6  of  the 
donble  electrosoc^  (Fig*  141)1 
the  condensing  pUte  p  being 
lemoredf  this  instantly  pro- 
duced a  considerable  and  steady 
divergence  of  the  leaves ;  and 
on  applnng  the  nraal  tests, 
the  plate  6,  connected  with  the 
copper  extremity,  gave  signs 
of  positive^  and  a,  connected 
with  the  zinc,  signs  of  negative 
electricity.  If  a  was  connected 
with  one  extremity  d  the  bat- 
.  >  r  *\:Tvr.v.:v  ivinj:  connected  or  not  with  the  ground,  the  same 
^"  j"^  '"'  ^^'-li.! :  :he  divergence  of  the  leaves  corresponded  with  the 
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Kmneciioii,  and  the  leaves  of  &  diverged  by  induction  ;  if  iu  this  state  b  wa« 

noLchedy  and  then  removed  from  the  influence  of  a,  it  was  found  to  be 

with  the  opposite  electricity. 

The  assumption  of /m/ot  tension  by  the  elements  constituting  the  battery, 

hffhre  the  circuit  was  completed,  was  shown,  not  only  by  the  effect  on  the 

iMiTea  of  the  electroscope  when  placed  within  two  or  three  inches  of  either 

end  of  the  battery,  or  over  either  of  the  terminal  cells,  but  by  the  produc- 

tton  of  a  spark  between  the  terminal  wires  through  a  space  of  one-flftieth  of 

an  inch.    When  the  double  electroscope  (Fig.  141)  was  included  in  the  cir- 

feoity  and  the  discs  a  and  b  closely  approximated,  the  sparks  became  a  stream 

i^Jbre^  which  on  one  occasion  were  continued  uninterruptedly  for  upwards 

of  Uto  weeks.    An  experimenter  standing  on  the  ground  could  draw  sparks 

tn/m  either  terminal. 

'For  testing  the  presence  of  what  is  usually  called  the  current,  two  trays 
eontaining  160  cells  of  the  battery  were  removed  and  most  carefully  insu- 
lated. A  very  delicate  galvanometer  was  interposed  between  the  zinc  ter- 
minal of  one  tray  and  the  copper  terminal  of  the  other,  but  not  the  slightest 
deflection  of  the  needle  took  place,  neither  was  there  the  slightest  indication 
of  the  liberation  of  iodine  when  a  piece  of  bibulous  paper  saturated  with 
iodide  of  potassium  was  substituted  for  the  galvanometer;  the  inference 
Ikom  which  is,  that  there  was  no  definite  chemical  action  taking  place  in 
any  cell  of  the  battery,  and  that  the  electric  or  static  effects  take  place  before 
or  mdUpendently  of  the  actual  development  of  the  chemical  effects, 

*  A  copper  wire  attached  to  the  negative  end  of  the  battery  was  connected 
with  the  galvanometer,  and  this  with  the  plate  a  of  the  double  electroscope 
(Fig.  141) ;  a  platinum  wire  attached  to  the  positive  end  rested  on  a  piece 
of  bibulous  paper  moistened  with  iodide  of  potaj»ium  ;  another  wire  also 
resting  on  the  paper  was  connected  with  the  plate  b  of  the  electroscope. 
By  a  mechanical  arrangement  the  plates  could  be  approximated  or  separated 
as  required.  On  approximating  the  plates  so  as  to  permit  sparks  to  pass  at 
intervals  of  about  a  second,  a  tremulous  motion  was  imparted  to  the  needle 
(tf  the  galvanometer,  but  when  they  were  brought  so  nearly  in  contact  as 
to  permit  the  discharges  to  take  place  in  quick  succession,  the  needle  was 
steadily  deflected,  and  iodine  was  freely  evolved,  proving  that  chemical 
action  was  taking  place  in  each  cell,  and  that  the  current  is  a  collection  or 
accumulation  of  discharges  of  electricity  of  tension.  When  320  cells  were 
employed,  the  greatest  care  being  taken  to  insure  perfect  insulation,  not  the 
slightest  evidence  of  any  chemical  action  taking  plaee  in  the  cells  could  be 
obtained  previous*  to  completing  the  circuit,  although  there  was  suflicient 
intensity  to  elicit  sparks  through  t^  of  an  inch.' 

The  following  conclusions  were  deduced  by  Mr.  Qassiot  from 
his  experiments  with  this  extraordinary  battery : — 

X.  That  the  elements  constituting  the  voltaic  battery  assume  j9o/ar  tension 
before  the  circuit  is  complete. 

a.  That  this  tension,  when  exalted  by  a  series  of  pairs,  is  such  that 
sparks  will  pass  between  the  terminals  of  the  battery  before  their  actual 
contact. 

3.  That  these  static  effects  precede  and  are  independent  of  the  completion 
of  the  voltaic  circuit,  as  well  as  of  any  perceptible  development  of  chemical 
cr  dynamic  action. 
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ixQ  or  dvnainie  action. 


'.Vi:^  :i-r  Aii  ::  :i*  *lrOtr:«cw  shown  in  Fig.  143,  tlie  Bct. 
i.  lA^lr?  Prl:..l^ri  rSiZ.  Tnmf.  XS441  sucoeeded  in  obtainug 
jii-r.?  . :  'r-Ti.  L  :.7:::«  ci:eiA«  in  a  sia^ie  cell  of  a  voltaic  battery, 
t  i-  i  j"-i--  tts.5^1.  '±i  *:e=:  o:  which  is  well  coated  with  lac; 
1  :-  :  ■ .  .  \  .rr  -«ir::4  pa»iz^  :hr:urh  zlaas  tubes  and  oorks*,  d  b 
^-.1:  i-s-.  ?,  -r^ .  1  i  :•:  -:  :w  j  i=«:irs  in  ii^meitf  •  attached  to  the  Triies ; 

p  a  coprer  plate  with  a  wire  paadng 
ii:ro:u-h  a  glass  tube ;  to  the  end  of 
:bis  wi:^  b  attached  a  nazrow  lip  of 
j>:ld  leaf.  L.  The  discs  must  be  ad- 
"jsiied  with  c&D^,  so  as  to  allow  the 
Iraf  to  be  equidisthnt  from  each.  If 
3  be  comwcted  bv  a  wire  attached 
to  the  platinaniy  and  b'  to  another 
wire  attach^  to  the  zinc  of  a  single 
cell  of  the  nitric  acid  batterv  insu- 
lated  on  a  plate  of  lac,  and  if  an 
excited  ?las3  lod  be  approximated 
Very  craduaily  towards  the  plate  P. 
the  ^old  leaf  will  be  attracted  to  b'. 
or  the  disc  attached  to  the  zinc  :  and 
ir"  a  -ftick  0:'  excited  resin  be  approximated  in  a  similar  manner, 
the  ltM  \riii  wUl  be  atcraoted  to  B,  or  the  metallic  disc  attached 
to  the  platinum. 

I  104;  PolarUation:  Secondary  Batteries. — If  a  piece  of 
moistened  paper  be  placed  on  a  slip  of  ghiss,  and  made  to  complete 
i:.*i  circuit  of  a  voltaic  battery,  it  is  found  to  become  eiecfro-piJar 
— that  is,  that  half  which  was  in  contact  with  the  positive  extre- 
mity of  the  battery  becomes  positive,  and  that  portion  next  the 
nej-'ative  end  Ijecoraes  negative — and  this  electrical  condition  of 
the  paper  remains  for  some  time  after  its  removal  from  between 
the  poles  of  the  battery,  provided  its  insulation  be  maintained. 
This  iact  was  first  observed  bv  Volta,  and  it  occurred  to  Ritter 
that  a  pile  mi^ht  be  constructed  of  alternations  of  moistened  cloth 
and  a  single  metal,  which  should  theoretically  receive  a  chsLrge 
similar  to  that  of  the  moistened  paper,  by  being  placed  in  con- 
ductinjf  communication  with  the  opposite  extremities  of  a  voltaic 
pile,     On  trying  the  experiment,  he  found  such  to  be  the  case; 
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the  pile  whicli  he  termed  the  '  secondary '  pile  retaiDinfr  its  ele<-- 

trical  state,  and  exhibiting  electrical  phenomena  similar  to  that  ut' 

the  'primary'  pile  for  some  time  after  its  connection  with  the 

latter  ia  broken.     In  like  manner,  a  number  of  plates  of  the  ^anic 

metal,  platinum,  or  lead  may  be  polarised  by  passing  a  eiirrt'nt 

from  a  Toltaic  battery  through  them  ;  on  breakinpr  contact  the 

effects  of  a  voltaic  pile  are  for  a  short  period  obtained  from  the 

secondary  battery.     The  same  sort  of  polarisation  is  produced  in  a 

^ngle  pair  of  platinum  plates  by  connecting  them  with  the  ]ioles 

of  a  battery  "while  imimersed  in  common  or  acidulated  w;it«'r,  \\w 

effect  being  due  to  the  films  of  hydrogen  and  oxygen  wliirh  collect 

on  the  negative  and  positive  plates  respectively,  as  may  be  proved 

by  plunging  the  plate  "which  had  been  connected  with  tho  }X)sitiv»* 

pole  of  the  battery  into  a  graduated  tube  filled  with  Iiydro^jren 

and  the  other  into  a  tube  filled  with  oxygen  ;  both  ga5»es  are  gnidii 

aUy  absorbed,  the  hydrogen  disappeaiiug  twice  as  last  as  t]w  oxy^^en. 

Indeed,  a  pair  of  platinum  plates  may  be  polarised  without  thf  aid 

of  a  voltaic  battery,  namely,  by  simply  plunging  one  \)\i\Xv  into  a 

jar  of  hydrogen,  and  the  other  in  a  jar  of  oxygen  gas.     It'  the  t\v(» 

plates  be  no'w  connected  with  a  galvanometer,  and  quickly  i>lniii:(Ml 

into  water,  a  current  is  obtained,  passing  from  the  plate  wliicli 

had  been  inunersed  in  the  hydrogen  through  the  liquid  to  that 

which  had  been  immersed  in  the  oxygen. 

A  secondary  battery  of  great  power  is  described  by  Plaiitt'« 
(Compfes  Itf'?idu8,  March  26,  i860).  He  states  that  a  })attcrv  witli 
electrodes  of  lead  has  2^  times  the  electromotive  ibrce  of  one  vvith 
electrodes  of  platinised  platinum,  and  6  times  as  great  as  that  of 
one  with  ordinary  platinum.  This  great  power  arises  I'roiii  the 
powerfid  affinity  existing  between  peroxide  of  lead  and  hydr<>(jvn, 
a  fact  first  noticed  by  De  la  Rive. 

The  secondary  battery  recommended  by  Plants  has  the  follow- 
ing construction : — 

It  consists  of  nine  elements,  presenting  a  total  surface  of  losqunrc  nutn-s. 
Each  element  is  formed  of  two  lar«;e  lead  plates  rolled  into  a  spiral,  and 
separated  by  coarse  cloth,  and  immersed  in  water  acidulated  with  ,*„  of 
sulphuric  acid.  The  kind  of  current  used  to  excite  this  battt-ry  dcpcmls  on 
the  manner  in  which  the  secondary  couples  are  arranged.  If  they  are  ar- 
ranged ^o  as  to  give  three  elements  of  triple  surface,  live  small  I'uiiseii  s 
cells,  the  zincs  of  which  are  immersed  to  a  depth  of  7  centimetres,  arc  sul- 
ficient  to  give,  after  a  few  minutes'  action,  a  spark  of  extraordinary  intensity 
when  the  current  Ls  closed.  The  apparatus  plays,  in  fact,  just  the  part  ot  a 
condenser,  for  by  its  means  the  work  performed  by  the  battery  after  the 
lapse  of  a  certain  time  may  be  collected  in  an  instant. 

■  An  idea  of  the  intensity  of  the  charge  will  be  obtained  by  romcniboring 
that,  to  produce  a  similar  effect,  it  would  be  necessary  to  arrange  300  IJunsen's 
elements  of  the  ordinar}' size  (13  centimetres  in  height),  so  as  to  form  <o\.vx  o\ 
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live  elements  of  3^  square  metres  of  suiface,  or  three  elements  of  still  grestcr 
surface. 

If  the  secondary  battery  be  arranged  for  intensity,  the  prindpai  bttteiT 
sbould  be  formed  of  a  number  of  elements  suflSdent  to  overcome  the  mrem 
electromotive  force  developed.  For  nine  secondary  elements,  abont  15  Bun- 
sen's  cells  should  be  taken,  which  might,  however,  be  very  smaU. 

From  the  malleability  of  the  metal  employed,  this  battery  is  readily  eoD- 
structed.  By  making  the  plates  of  lead  sufficiently  thin,  a  laige  Bozfaesmsy 
be  placed  in  a  small  space. 

.  The  nine  elements  used  by  Plants  are  placed  in  a  box  36  centi- 
metres  square,  liUed  with  liquid  once  for  all,  and  placed  in  dofled 
jars,  so  as  to  be  ready  for  inmiediate  use  whenever  it  is  desired 
to  procure  by  means  of  a  weak  battery  powerful  dischaigea  of 
d3mamic  electricity.  The  use  of  secondary  electric  currents  &r 
telegraphic  purposes  had  been  previously  proposed  by  JacobL 

(105)  Tbe  Oas  Battery. — Mr.  Grove  succeeded  in  obtaimng  a 
continuous  current  from  the  secondary  currents  produced  by  polar- 
ised plates,  and  in  constructing  a  perfectly  novel  battery,  in  which 
the  active  elements  are  gases  (PM.  Mag,,  Dec.  1842  ;  JP^  TVoni., 
part  iL  1843,  aiod  part  ii.  1845).  It  consisted  originally  of  a  series 
of  50  pcurs  of  platinised  platinum  plates,  each  about  a  quarter  of 
an  inch  wide,  enclosed  in  tubes  psurtially  filled  alternately  with 
oxygen  and  hydrogen  gases,  as  shown  in  Fig.  143.    The  liquid  in 


the  tubes  was  dilute  sulphuric  acid  (sp.  gr.  1*2),  and  the  foUowing 
effects  were  produced : — 

1.  A  shock  was  given  which  could  be  felt  by  five  persons  joining  hands, 
and  which,  when  taken  by  a  single  person,  was  painfhL 

2.  The  needle  of  a  galvanometer  was  whirled  round,  and  stood  at  about 
60® ;  with  one  person  interposed  in  the  circuit,  it  stood  at  40°,  and  wsl 
slightly  deflected  when  two  were  interposed. 


ft«d  Hut  tmo^'^Ix  p<dn  w 

5.  Agtdd-laafdHitnHaiiaww 

Whm  the  tnbw  wen  filled  with  ktnuMpbwte  aiT,  no  rftet  WM 
Itodooad,   ncr  iru  laj  ennent 
MBnnined  when  ths  gMea  em-  "■■  •"■  "«■  ■** 


In  oid«r  eaamamAj  to  e:^ 
HmiM  tbe  gaaea  cither  sftor  or 
dmiiig  an  exptriiiMii^  without 
"^"TT^  the  lk[ind  in  which  tbe 
tibea  irere  immersed,  lb.  Oron 
adioptad  tbe  tarn  of  odlaahown 
n  Figs.  144  "nil  I4S- 

bedt   U    B  puallalaplpcd 
or  Btcaaeware  Tend.     Tbe  tabes 
cemented  with  pieces  ot  wood,  a  b, 
■nd  can  iritli  th«  irood  Iw  BeparAtd^ 
detached  from  the  Uoogh,  M  seeo  bi 
Fig-  T45.     At  the  Apertnr 
bet*een  the  tabes  then 
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it  from  tbe  appantus.  The  plsiJnnin  &il  Is  tnmsd  np  round  th«  wig*  af 
the  tube,  and  brought  iato  mmmonlcatioD  wiLh  a  binding  acnw  fixed  into 
the  wood.  A  battery  of  five  cells  thos  amnged,  olmrged  with  oxygca  wad 
hvdrogen  gaaes,  uid  UHiaected  wlUi  an  appaiatos  for  decompoaing  Katai,  li 
ahown  in  Fig.  146.  With  the  battery  of  50  of  theae  eelli  there  vaa  but  ■ 
triSing  diffbRDoe  in  tlie  rise  of  tbe  lic[iiid  in  all  tbe  'CelU,  and  the  iln  of  gM 
in  the  decompoaing  apparatoa  was  exactlj  in  tbeaame  proportion.  Tha  hj^ 
drogen  tabe  ia  analogotu  to  the  zinc  plate  of  an  ordinaiy  Toltido  battoy. 

The  following  reoulta  were  obtained  witli  othw  gases,  ten  oelli 
being  employed : — 


Oxygen  and  protoxide  of  nitrtgen 
Oxygen  and  denCoxide  of  ditto 
Oxygen  and  olefiant  gaa 
Oxygen  and  carbonic  oxide    . 
Oxygen  and  chlorine 
CMorine  and  dilute  enlpbniic  acid 
Cblorlae  and  hyilcogen   . 

Chlorine  and  carbonic  oxide  ■ 
Chlorine  and  aleSantgaa 


No  efibct  on  iodide  of  potaaaii 

VB17  (light,  Boon  eeaaing. 

Very  feeble,  bat  oondnuooa. 
INotable  e^cta.      Slight 
I     of  decompoaing  water. 

iCOHaidrrabU  action  at  firat,  aeaRMlf 
perceptible  in  34  bonra. 
Aboat  the  aamo. 
r  Powerful   efiecta.     Two   cells   da- 


rGood.       Ten      cells     decomi 


With  respect  to  the  theory  of  the  gas  letter;,  Mr.  Grove  re- 

'  Applying  the  theory  of  Grotthna  to  the  gaa  battery,  we  may  sappoae  thal^ 
when  the  circuit  ia  completed  at  «ach  point  rf  contact  ot  oxygen,  water,  and 
platinum  in  the  oxygen  tube,  a  moiecnla 
"" '""  of  hydrogen  leaves  ita  aBaodated  midecalt 

of  oxygen  to  unite  with  one  of  tha  tnt 
.gae  I  the  oxygen  tbna  thrown  off  unites 
with  the  hydrogen  of  the  adjoining  mol*- 
cnle  of  water,  and  ao  on,  until  the  laat 
molecule  of  oxygen  nnitea  with  a  molecale 
•f  the  free  hydrogen :  or  the  action  may 
conversely  ba  aseamed  to  commence  in 
tAie  tul>e  containing  the  hydrogen.' 

The  form  of  gas  batter;  employed 
by  Mr.  OrovB  in  his  later  experi- 
ments is  shown  in  Fig.  147.  It 
possesses  the  sdysutsge  of  antirdj 
prerentiiig  the  interfering  action  of 
the  atmosphete.  In  this  ammge- 
ment  oxygen  and  deutoxide  of  ni- 
trc^n  g&Te  a  continuous  current } 
and  a  permanent  dafiectioo  of  the 
galranometer  was  produced  whan  a  piece  of  phosphorus  -vfoB  8n»- 
peaded  ia  one  of  the  tubes  filled  witb  laUogea,  tha  athei  contuning 
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rjrgeu^  the  product  being  phosphorous  add;  and  a  curious  in- 
Bnce  'was  exhibited  of  the  employment  of  a  solid  insoluble  non- 
inductor,  and  the  existence  of  a  continuous  voltaic  current,  and 
I  a  true  combustion,  the  combustible  and  the  comburant  being  at 
distance :  phosphorus  burned  by  oxygen,  which  is  separated  from 
b  by  strata  both  of  water  and  gas  of  indefinite  length. 

A.  current  was  likewise  produced  by  gulphur  in  nitrogen,  the 
iuLpliur  being  contained  in  a  little  capsule  of  glass  that  could  be 
leated  by  a  small  hoop  of  iron  with  a  handle,  as  shown  in  the 
Bfpire.  The  moment  the  sulphur  entered  into  fusion,  the  needle 
of  tbe  galvanometer  moved,  and  it  continued  deflected  during  the 
-wbole  time  it  remained  in  the  fused  state.  Various  other  sub- 
stances, such  as  camphor,  oil  of  turpentine,  oil  of  cassia,  alcohol, 
tsthenr,  &c.,  were  thus  tried,  and  all  produced  notable  effects. 


CHAPTER  IX. 

VOLTAIC  ELECTRICITY  {continued). 

Simple  and  Compound  Circles — Ohm's  Law  and  its  Applications — Wheat- 
stone's  Bridge,  Rheostat,  and  Resistance  Coils — Standards  of  Electrical 
Resistance. 

(106)  Simple  and  Compoiina  Voltaic  Circles. — The  quan- 
tity of  electricity  set  in  motion  by  a  simple  voltaic  circle  when  the 
plates  are  large  is  very  great,  though  its  intensity^  or  its  power  of 
overcoming  resistances,  is  low.  The  energy  depends  on  the  size  of 
the  plates,  the  intensity  of  the  chemical  action  on  the  oxidisable 
metid,  the  rapidity  of  its  oxidation,  and  the  speedy  removal  of  the 
oxide.  In  the  smallest  voltaic  circle  the  quantity  of  electricity 
thrown  into  circulation  is  almost  infinitely  greater  than  that  from 
the  ordinary  electrical  machine:  indeed,  it  has  been  shown  by 
Faraday  (Ex,  JResear,,  371  etseq.)  that  two  wires,  one  of  platinum 
and  one  of  zinc,  each  one-eighteenth  of  an  inch  in  diameter,  placed 
Jive-gixteenths  of  an  inch  apart,  and  immersed  to  the  depth  of  five- 
eighths  of  an  inch  in  acid  consisting  of  one  drop  of  oil  of  vitriol  and 
four  ounces  of  distilled  water,  at  a  temperature  of  about  60°,  and 
connected  at  the  other  extremities  by  a  copper  wire  eighteen  feet 
long,  and  one-eighteenth  of  an  inch  thick,  yield  as  much  elec- 
tricity in  eight  beats  of  a  watch,  or  jf^  of  a  minute,  as  an  electrical 
battery  consisiing  of  fifteen  jars,  each  containing  184  square  inches 
of  glass  coated  on  both  sides,  and  charged  by  thirty  turns  of  a 
fifty-inch  plate  electrical  machine. 

But  it  is  not  necessary  that  the  plates  composing  a  simple  vol- 
taic dide  should  consist  of  two  opposed  surfaces  only.    The  same 

02 
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elKv-:rl.-xl  f  5h;:  U  0D3*i::cd  if  the  pUtes  are  cnt  op  mto  t  mnbtf 
::'  tito^^  Azi  rl^>?d  ic  dife:«nt  Tcatels,  each  odntaining  the  aae 
«.--ir:r  -uii.  pr:vii*i  tbe  Mine  extent  of  am&ce  be  pmBrai, 
Aui  '^-f  ^i■fct^«  :«  £epc  *r  the  same  distance  apart.  Thus  M  i 
^Ix'.tt  ::  vvrr^r  ftad  a:>?i*:^r  o{  Amalgamated  xine,  each  firariDehi 
jii:  u.ir^.  :<r  :zizier<«d  *:  *  dutanee  of  one  inch  apart  in  dibftB 
5ulr'r^o  A.:iL  And  Cijiiz^t«d  br  a  stout  copper  wize;  aftartke 
IjL*.i««r  v.:'  A  v>rr:aiz  iLze  a  certain  quantitr  of  zinc  will  he  diflsoM 
&::i  A  c'.  T:v5ri:c>.li=^  >:uaiLCiiT  of  hrdiogen  gas  will  he  erolredci 
:ljr  >.ir!i^'^  ::  :*?  7li:i::-.i3: :  cow  let  each  plate  be  cut  into  te 
^:rl;.»^  cjk-'::  o~^  1=0'::  b^.\ki  and  four  inches  long,  and  let  apiircf 
edbci  =:-r:du5  re  i:zizi>e::^)ed.  si  s  distance  of  one  inch  apart^  in  te 
der<&r«:e  ^etsiiels  i!03:&i=isff  dilute  solphoric  acid ;  let  all  the  pl^ 
u--.i=:  rl;ft:e«  e«  ivoseoced  t^mther  by  a  stout  copper  wire,  ind 
;l1*.  :.:e  liro  rldie^  bv  a  amilsr  wize,  and  let  the  two  wires  le 
u=I:^ :  iji-e  5d=i^  a^iouz:  of  zinc  will  be  dissolved  in  the  ssine  tinu^ 
::.«  sd^i-e  szi.^u^:  c:  ox,vj>?3  liberated,  and  the  same  qoantitf  of 
elrv':r.«ri:y  :r.r:w:i  inv  oirvulation.  as  with  a  sin^e  pair ;  the  ftv 
?dir«  &iii  :-''.'e  ^rj:!<e  p<iir  are  equallT  iimpie  Toltaic  cizdes. 

B;::  :he  :out  rddrs  znay  be  dineiently  arranged.  Instead  of  cob- 
s^^rir^  jkll  I'ne  i'l;&d::*.i!!i  pI^Ms  together,  and  all  the  sine  plates  to- 
»:e:  :.^r.  :V.z  v*A:i-ura  r-lire  in  ressel  No.  i  mar  be  connected  with  the 
£*=>.*  p*jk:e  ill  vesisel  No.  2.  tiie  platinum  plate  in  mesael  Na  2  wA 
the  nno  *y.3:e  l!i  ve^^l  N?.  3.  and  so  on,  the  platinum  plate  in  tia 
Ia>:  vcsjijt  *  r^r'.rj:  u:d:ed  bv  a  stout  wire  with  the  zinc  plate  in  the 
r.r«:.  I'vier  :':'i»  arr.uiir^iaent  the  amount  of  zinc  dissolved tnd 
o:"  hvsl:w^-::  l:rera:ed  will  be  precLsely  the  same  as  before,  bat  the 
tt'.'..:.'V7ky-;  V  "*  '-j-^  w  jV/r A:#rti' 'aiirraW :  at  the  same  time  the  reoflt- 
arAV*  are  <::V.  r^v>:e  i'-or*rdik:%i.  tor  whereas  in  the  first  arrangement 
a  »:ratuni  oc  liquivi  iVur  inches  wide  and  one  inch  thick  had  to  he 
traversed,  in  the  sevvui  amkngement  the  current  has  to  pes 
i;irv»x::i  four  separate  iuo'.-e*  v>f  liquid,  each  one  inch  in  width. 
Bu:.  i:i  L*on5equei:*.>?  o:  the  mode  of  connecting  the  plates,  there  is 
A  s:drti*:ig^[x.'in:  of  ^.vwer  in  each  cell,  and  each  contributes  its 
energy  i:i  urpc^  forward  the  current ;  although,  therefore,  the 
quantity  of  electricity  is  i.o^rreater  than  when  the  plates  are  arranged 
as  a  siu^le  pair,  its  iuieii^ity  or  power  of  overcoming  resistance  is 
far  ^ater.  and  this  power  is  within  certain  lindts  increased  in 
proportion  as  the  numl>er  of  pairs  of  plates  is  increased.  As  thus 
arranged,  the  plates  constitute  a  compound  voltaic  circle. 

^107^  Meaainp  of  tbe  terms  BleetronottTe  Voree*  Blee- 
trieal  Seslstanee,  Electrical  Ciunreiit,  QaaatitFi  and  TeasiflB. 
— Bv  the  term  elf^ttromotive  force  is  to  be  understood  that  quality 
of  a  batter V  or  sour.v  of  elecrricitv  in  virtue  of  which  it  tends  to 
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9  'work  "by  the  transfer  of  electricity  from  one  point  to  another, 
nd  tluB  force  is  measured  by  measuring  the  work  done  during  the 
ransfer  of  a  given  quantity  of  electricity  between  those  points. 
fhe  -work  done,  whether  it  be  mechanical,  or  chemical,  or  thermal, 
irna  proved  experimentally  by  Dr.  Joule  to  be  proportional  to  the 
tfuare  of  the  current,  to  the  time  during  which  it  acts,  and  to  the 
leoiBtance  of  the  circuit. 

Sy  the  term  dectrical  resistance  is  to  be  understood  that  quality 
of  a  conductor  in  virtue  of  which  it  prevents  the  performance  of  more 
than  a  certain  amount  of  work  in  a  given  time  by  a  given  electro- 
motive force.  The  resistance  of  a  conductor  is  therefore  inversely 
proporlional  to  the  work  done  in  it  when  a  given  electromotive 
force  is  maintained  between  the  two  ends. 

By  the  term  electrical  current  is  meant  the  cause  of  the  peculiar 
properties  possessed  by  a  conductor  used  to  join  the  opposite  poles 
of  a  voltaic  battery,  .those,  namely,  of  exerting  a  force  on  a 
magnet  in  its  neighbourhood ;  of  decomposing  certain  compound 
bodies  called  eleclrolytes  when  any  part  of  the  conductor  is  formed 
of  such  compound  bodies ;  or  of  producing  currents  in  neighbour- 
ing conductors  as  they  approach  or  recede  from  them. 

The  force  with  which  one  electrified  body  acts  upon  another  at 
a  constant  distance  varies  under  different  circumstances.  When 
the  force  between  the  two  bodies  at  this  constant  distance,  and 
separated  by  air,  is  observed  to  increase,  it  is  said  to  be  due  to  an 
increase  in  the  ^^ntitf/  of  electricity,  and  the  quantity  at  any  spot 
is  defined  as  proportional  to  the  force  with  which  it  acts  through 
air  on  some  other  constant  quantily  at  a  distance.  If  two  bodies 
ehazged  with  a  given  quantity  of  electricity  are  incorporated,  the 
single  body  thus  composed  will  be  charged  with  the  sum  of  the 
two  quantities. 

llie  above  definitions  of  the  terms  electromotive  farce,  resistance, 
current,  and  quantity,  are  those  adopted  by  Professor  T.  Clerk  Max- 
well and  Mr.  Fleeming  Jenkin  in  their  report '  On  Standard  Elec- 
trical Hesistance,'  as  members  of  a  conmiittee  appointed  by  the 
British  Association  (see  Report,  1863).  Mr.  Latimer  Olark  (Pro- 
eeedings  of  the  Boy  oil  Institution,  March  15,  1861)  points  out  that 
the  eccpression  intmsity,  as  ordinarily  used,  involves  two  perfectly 
distinct  qualities,  vi2.  tension,  or  electromotive  force,  or  electric 
potential,  and  quantity.  All  the  most  striking  properties  of  elec- 
tricity, such  as  the  decomposition  of  water  and  salts,  the  combus- 
tion of  metals,  the  deflection  of  the  galvanometer,  the  attraction 
of  the  electro-magnet,  and  the  physiological  effects  of  the  cur- 
rent, are  really  dependent  as  regards  their  magnitude  and  energy 
solely  on  the  quantity  of  electricity  passing.    Their  greater  energy. 
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when  the  tension  is  increased,  is  an  indirect  e£Eect  doe  not  to  tint 
tension  hut  to  the  increased  quantity  which  paases  in  a  given  time 
hy  reason  of  the  increased  tension.  A  galyanonieteT  consistiDg  of 
a  few  turns  only  of  thick  wire  is  deflected  as  powerfully  hj  one 
cell  of  a  Toltaic  battery  as  by  6  or  even  by  600 ;  provided  the  eeUs 
are  all  of  the  same  size,  because  the  thick  wire  is  capable  of  convey- 
\r\g  freely  the  whole  quantity  of  electzidity  which  one  cell  can  pro- 
duce, and  this  is  the  same  as  that  produced  by  the  whole  600; 
on  the  other  hand,  a  galvanometer  with  many  thousand  tunu  of 
tine  wire  gives  the  same  deflection  with  a  battery  fonned  of  a 
small  gim-cap  as  with  one  of  twenty  square  feet  of  surface,  becanae 
tlie  quantity  in  this  case  is  regulated  and  limited  not  by  the  size 
of  the  plates,  but  by  the  power  of  conduction  in  the  wire,  tiie 
quantity  being  therefore  the  same  in  both  cases.  In  every  case 
the  deflection  is  dependent  solely  on  the  quantity  of  electridtr 
actually  passing  through  the  instrument  without  reference  to  its 
tension. 

The  ignition  of  metals  is  a  phenomenon  dependent  on  quantity 
and  not  on  tension ;  thus  one  cell  of  a  battery  will  ignite  a  certain 
length  of  platinum  wire,  but  by  the  addition  of  two  or  three  more 
cells  two  or  three  times  the  length  of  wire  will  be  ignited,  the 
quantity  passing  in  the  greater  length  being  imder  the  higher  ten- 
nion  precisely  the  same  as  in  the  original  length.  In  this  sense  is 
to  be  understood  Faraday's  remark,  '  that  the  same  quantity  of 
electricity  which  would  ignite  an  inch  of  wire  would  ignite  a  foot 
or  a  mile  of  the  same  wire/ 

A  battery  of  two  or  thi*ee  cells  which  will  readily  fiise  platinum 
wire,  produces  no  shock,  because,  although  the$^iMin^«^y  of  electricity 
in  abundant,  the  tension  is  low ;.  on  the  other  hand,  a  battery  of  a 
^eat  number  of  pairs  of  small  plates  may  give  an  intolerable  shock 
to  the  system,  although  from  its  deficiency  in  quantity  it  may  have 
scarcely  any  power  to  fuse  platinum  wire. 

The  fall  of  tension  is  always  accompanied  by  its  conversion  into 
heat ;  the  ignition  of  wire  by  the  voltaic  current,  the  intense  heat 
of  the  voltaic  arc,  and  the  heat  and  light  of  the  electric  discharge 
and  of  the  spark  are  all  cases  of  the  evolution  of  heat  in  conse- 
quence of  a  fall  of  tension,  and  the  qiiantity  of  heat  evolved  is 
apparently  directly  proportionate  to  the  fall  of  tension  within  a 
given  space,  and  to  the  quantity  of  electricity  passing. 

(108)  Olun's  Xiaw. — Under  no  circumstances  do  we  obtain  in 
the  form  of  a  current  the  whole  of  the  electricity  produced  by  tlie 
chemical  actions  going  on  in  the  battery.  The  amount  of  electri- 
city realised,  or,  in  other  words,  the  force  of  the  current,  is  equal 
to  the  sum  of  the  electromotive  forces  divided  by  the  sum  of  the 
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imstances  in  the  cireuit.  Thus  let  F  denote  the  actual  force  of 
tie  current,  that  is,  its  power  to  produce  heat,  magnetism,  chemi- 
al  action,  or  any  of  its  other  effects  ;*  E  the  electromotive  force, 
lOd  K  the  resbtance  of  the  wires  and  liquids,  then 

The  different  causes  which  influence  the  quantity  of  electricity 
)btained  in  a  voltaic  circuit,  were  investigated  mathematically  by 
E^fessor  Ohm,  of  Nuremberg,  and  his  formulse,  which  have  been 
verified  experimentally  by  Duiiell,  Wheatstone,  and  others,  may 
iw  regarded  as  the  basis  on  which  all  the  investigations  that  have 
once  been  made  relative  to  the  force  of  the  current  have  been 
rounded. 

By  increasing  the  number  of  elements  of  a  voltaic  battery,  we 
increase  the  tension,  urging  the  electricity  forward,  as  has  already 
been  observed,  but  at  the  same  time  we  ■■  increase  the  amount  of 
resistance  offered  by  the  liquid  portion  of  the  circuit ;  so  that,  pro- 
vided in  both  cases  the  circuit  be  Completed  by  a  competent  con- 
ductor, such  as  a  stout  copper  wire,  we  obtain  the  same  results 
in  both  cases,  the  electromotive  forces  and  the  resistances  being 
increased  by  an  equal  amount,  for 

E  ^  nE 
R      nE* 

The  resistance  It  includes  the  resistance  of  the  wires,  the  liquid 
exterior  to  the  battery,  should  such  be  included  in  the  circuit,  and 
the  resistance  of  the  liquid  and  metals  of  the  battery  itself.  As 
regards  the  resistance  of  the  battery,  it  is  found  to  decrease  in 
exact  proportion  as  the  surface  is  increased,  and  as  regards  the 
-wire,  its  resistance  is  directly  as  its  length  and  inversely  propor- 
tional to  its  section. 

Let  the  whole  redstance  be  denoted  by  R,  as  before,  the  re- 
sistance of  the  battery  by  B,  and  that  of  the  wire  by  W;  then, 
supposing  no  other  obstacle  to  be  included  in  the  circuit, 

R  «  B  +  W. 

But  B  varies  directly  as  the  distance  between  the  plates,  which 
may  be  expressed  by  dj  and  inversely  as  the  surface  of  plates,  which 
may  be  expressed  by  «,  so  that 

Again,  W  yaiies  directly  as  the  length  of  the  wire  and  inversely 
as  the  area  of  its  section ;  it  may,  therefore,  be  expressed  by 

',  /  being  the  length  of  the  wire,  and  s  its  section.    If,  therefore, 
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we  substitute  these  Talues  for  Wand  Bin  tbe  fonnnla  forP,iregik 

E_ 

F  -  -  +  -. 

Hence  it  appears  that  the  force  of  the  eumnt  may  he  increand 
in  four  ways  :^  i.  hj  increaang  the  thickneae  of  the  wire ;  2.  Vr 
diminishiiigr  its  length;  3.  hj inczeasing  the aurfaoe of  theplatM 
of  the  voltaic  elements,  or  diminishing  the  diatanoe  between  than; 
and  4.  by  employing  more  enezgetic  elementa. 

The  above  formula  enables  us  to  calculate  the  efiect  of  changing 
the  length  or  thickness  of  the  conducting  wire,  or  of  yarying  the 
>ize  and  distance  apart  of  the  plates  of  a  yoltaio  pair,  proiided 
there  i^  no  alteration  in  kind  of  conducting  wire,  or  in  the  hattsiy. 
liut  both  may  vair ;  and  in  thb  case  other  symbols  must  he  in- 
troduced which  may  be  replaced  by  the  real  quantities  which  thflj 
denote  as  detennined  by  experiment  Let  the  resiBtanoe  of  tlia 
particular  liquid  used  be  denoted  by  A,  and  the  specific  lesistsBoe 
of  the  kind  ot  metal  forming  the  circuit  by  m,  then 

E 


F  = 


Xrf       ml 


The  resistances  of  different  metals  are  inyersely  as  their  con- 
ducting powers,  the  latest  determination  of  which  is  by  Matthieesen 
wham  residts  are  expressed  in  the  following  table  (iW.  Jftmii, 
1 8 58  and  1862,  and  Proceed,  Roy,  Soc.,  vol.  xii.  p.  472) : — 
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Tt  is  thus  seen  that  a  similar  thickness  of  iron  wire  would 
afeeble  a  current  of  electricity  much  more  than  one  of  copper, 
nd  that,  to  get  with  the  same  length  of  wire  as  strong  a  current 
rom  a  giyen  battery  hj  means  of  an  iron  wire  and  a  copper  wire, 
k  'would  be  necessary  to  use  an  iron  wire  of  greater  section  than 
hBt  of  copper,  in  the  ratio  of  99*95  to  i6'8i,  or  nearly  six  times 
m  great,  which,  if  the  wires  were  round,  would  give  a  diameter 
nearly  2^  times  as  great. 

(109)  Appllcatloii  of  Olmi's  Tbeory  to  Compoimd  Voltalo 
btreles. — As  each  pair  of  elements  contributes  its  own  electro- 
■Kytiye  force  to  the  current,  it  is  evident  that  the  whole  electro- 
motiye  force  will  be  proportional  to  the  number  of  pairs,  provided 
they  are  all  equal.  Denoting  the  number  of  pairs  by  n,  then  the 
whole  electromotiye  force  will  be  n  E,  E  representing  that  of  a 
ringle  pair.  But  though  the  electromotive  power  is  n  times  as 
■trong,  the  resistance  is  at  the  same  time  increased  n  times,  the 
current  having  now  to  traverse  the  whole  liquid  of  the  several 
pairs  of  elements  ;  consequentiy  the  current  will  not  be  n  times  as 
forcible,  and  the  formula  for  the  force  of  the  current  will  be 

F-        nE 


n  A  d      ml 

+ 


9  9 


This  formula  will  serve  in  all  cases  to  determine  the  force  of  a 
batteiy  of  any  number  of  pairs  where  the  force  of  a  single  pair 
and  the  lengtii  of  the  conducting  wire  are  given,  and  leads  to  the 
following  general  law  {Wheatgtone,  Phil,  Trans,,  1843)  : — 

z.  The  electromotive  force  of  a  voltaic  current  varies  with  the  number 
of  the  elements  and  with  the  nature  of  the  metals  and  liquids  which  constitute 
each  element,  but  is  in  no  degree  dependent  on  the  dimensions  of  any  of 
their  parts. 

3.  Ihe  resistance  of  each  element  is  directly  proportional  to  the  distances 
of  the  plates  from  each  other  in  the  liquid,  and  to  the  specific  resistance  of 
tiie  liquid,  fuad  is  also  inversely  proportional  to  the  surface  of  the  plates  in 
tomtaCt  with  the  liquid. 

3.  The  resistance  of  the  connecting  wire  of  the  circuit  is  directly  propor- 
tional to  its  length,  and  to  its  specific  resistance,  and  inversely  proportional 
to  its  section. 

When  the  conducting  wire  is  composed  of  different  thicknesses, 
or  of  different  metals  joined  together,  it  is  found  that  the  force  of 
the  current  is  eveiywhere  the  same.  It  is  found  convenient  to 
refer  all  redstance  of  wires  or  liquids  or  other  matters  through 
which  the  current  has  to  pass  to  certain  definite  equivalents  or 
•pedfic  standards.  This  is  generally  taken  at  so  many  units  of 
length  of  a  standard  copper  wire  of  specified  thickness.   The  length 
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of  this  wire,  or  the  number  of  units  of  length  of  it  which  afford  12m 
same  resistance  as  any  conductor,  is  called  the  reduced hnfftkoiiihai 
conductor. 

If  we  represent  the  length,  conducting  power,  and  section  of  the 
substance  forming  the  circuit  by  /,  c,  and  9,  and  the  reduced  length, 
or  equivalent  length,  of  the  standard  wire  by  1%  and  its  conducliiig 
power  and  section  by  </  and  s',  then,  as  the  force  in  each  case  is 
represented  by 

and  it  is  required  that  the  force  of  the  current  giyea  by  the  one 
is  to  be  equal  to  that  giv^i  by  the  other,  we  must  hay» 

(no)  lVlieatatone*s  yarallelo§rram  or  Bridir*- — ^For  mea- 
suring the  electrical  resistance  of  a  metal  as  compared  with  a  given 
standard,  the  instrument  shown  in  Fig.  148  was  invented  by 
Wheatstone. 

1.  Construction  of  the  Bridge. — V  A  p  o  is  a  mahogany  board  supported 
on  levelling  screws,  and  provided  with  a  binding  screw  in  the  centre  of  each 
side ;  these  screws  are  connected  by  a  thick  copper  wire,  w  w  w  w,  let  into  a 
groove  in  the  surface  of  the  board,  and  forming  a  paraUedogram,  ir  a  p  c.  At 
points  exactly  equidistant  from  the  angle  N,  the  wires  n  o,  n  a  are  severed; 
and  the  ends  are  connected  with  binding  screws,  9»fdif-,  Similarly,  the 
wires,  p  a,  p  c  are  severed,  and  the  ends  comiected  withthe  binding  screws 
r  r,  r'  r'.  In  the  centre  of  the  board  is  a  galvanometer,  having .  a  compound 
needle  suspended  by  a  fibre  of  raw  silk  in  the  centre  of  a  ooiljof  moderately 
thick  wire.  This  coil  is  attached  to  a  disc,  a,  movable  on  a  vertical  axis, 
and  a  graduated  card  is  fixed  on  the  top  of  the  coils,  on  which  the  deflec- 
tion of  the  needle  may  be  observed ;  a  piece  of  talc  is  cemented  to  the  card 
at  90°  to  check  the  violent  oscillations  of  the  needle. 

The  ends  of  the  coil  are  connected  with  the  terminals  o  and  a  by  wires 
sufficiently  long  to  allow  of  the  graduated  disc  and  coils  being  moved  round 
by  the  handle  A,  so  as  to  bring  the  zero  point  to  correspond  with  the  needle 
when  it  is  in  the  plane  of  the  magnetic  meridian.  A  single  cell  of  the  Smee 
or  Daniell  battery  is  generally  sufficient  to  work  the  instnunent ;  it  is  shown 
at  z,  one  pole  being  in  connection  with  N,the  other,  through  theinterventi(Bi 
of  a  contact  maker,  with  p. 

2.  Action  of  the  Instrument. — Suppose  the  wire  w  to  be  imbroken  at  r  /, 
s  s' ;  when  contact  is  made  at  h,  a  current  passes  from  z  to  n,  where  it  bifur- 
cates, and  as  the  two  wires  n  a  p,  n  c  p  offer  equal  resistances,  one-half 
of  the  current  passes  through  each  channel,  the  currents  reunite  at  p,  and 
pass  to  z,  completing  the  circuit. 

Neglecting  the  resistance  of  the  external  connections  between  z  and  n, 
and  z  and  p,  which  do  not  influence  the  result :  if  the  electrical  tension  at 
N  be  represented  by  10,  at  p  it  will  be  o,  and  at  a  and  c  it  will  be  5  ;  hoace 
there  will  be  no  current  between  c  and  a,  and  the  galvanometer  will  be 
unaffected.    If  now  a  resistance  of  one  mile  be  introduced  at «,  and  an  eqoi- 
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If,  however,  the  reeistance  iDtrodnced  «t  •  •  be  either  !«■  or  gmter 
than  the  resistance  interpoeed  between/  /,  the  enrreint  will  no  loi^^  divide 
itself  equally  at  n  ;  the  distribution  of  the  tensifms  in  n  A  p  and  h  c  p  will 
no  longer  be  similar,  the  tension  at  c  will  be  ditferent  fhnn  the  tensioa  at 
A,  and  an  electric  current  will  be  established  between  c  and  a,  caosiiig  ■ 
deflection  of  the  ne(*dle  of  the  galvanometer,  and  the  dizection  uf  the  deflec- 
tion will  denote  on  which  side  the  resistance  is  greatest. 

3.  General  Law  of  the  Instrmment. — ^The  conductorB  ir  A  p  and  H  c  p  being 
united  at  n  and  p,  the  relations  between  the  electric  tenaianfl  at  h  and  p 
must  always  be  the  same  for  both  condactors,  however  the  zesistanoeB  </ 
the  conductors  and  the  tensions  may  be  varied.  Hence  the  electric  tenskns 
at  A  and  c  will  be  equal  as  long  as  the  following  proportional  resistances  sie 
maintained,  NA:AP::Nc:CPt  and  as  long  as  the  electric  tensions  ate  and 
A  are  identical,  no  current  will,  pass  between  them  throng  the  galvanometer. 

If  now  there  is  introduced  into  the  circuit  on  one  tdde  of  the  paraUelo- 
^am  a  conductor  having  an  imAnoMm  resistance,  we  can  detramine  its  resist- 
ance by  introducing  known  resistances  into  the  circuit  on  'tiie  one  side  until, 
tlie  gsdvanometer  being  no  longer  affected,  we  know  that  the  current  is 
equally  divided,  and  that  the  resistances  on  both  sides  are  equal. 

The  mode  of  varying  the  resLstanoeis  by  means  of  rAeoafafo  and  reststcnice 
coils,  the  former  being  used  for  comparatively  small  and  the  latter  for  con- 
siderable resistances ;  both  instruments  are  the  invoitions  of  Professw 
Wheatstone.  The  parallelogram  is  extensively  used  in  testing  the  condac- 
tivity  of  the  copper  wire  to  be  used  for  submarine  cables. 

Wheatstone's  Bridge. — The  following  geometrical  explanation 
of  Wheatstone's  bridge  will  undoubtedly  be  found  an  use^  assist- 
ance to  the  description  already  given : — 

Draw  the  line  (Fig.  149)  from  o  to  o,  representing  in  one  line  the  foar 
arms  of  a  bridge ;  both  ends  being  to  earth,  potential  is  therefore  0^  and 

Fig.  X49. 

P 


3^ 


-* 


T> 


!  '  •^=-  • 

I  \  •  ■ 


9 


Cl 


L 


6 


consequently  the  line  would  represent  a  continuous  circuit.  At  any  point 
attach  one  pole  of  a  source  (whose  other  extremity  is  to  eortft) ;  the  vertical 
p  will  represent  the  potential  at  that  point,  and  the  dotted  lines  the  poten- 
tial at  every  other  point .  Let  now/}  represent  the  potential  at  any  point  in 
h  a,  then  draw  b  b'  parallel  to  o  0  and  y  from  b'  at  right  angles  to  xy  ;  then 
p'  ap.  If  these  two  points  be  joined  together  through  a  galvanometer,  their 
potential  being  equal  no  current  will  pass. 


TfiUiaiOini's  BHMBUT. 


Snt  oleerved  the  osciUatioiu  of  the  needla  of  the  galvanometer 
irlieii  no  extraneous  reaistBiiee  waa  introduced  into  the  circuit  i 
(hej  then  added  a  known  neiatance,  and  again  meoauied  the 
mallalions.  Wheatatone  adopted  a  Afferent  method  ;  iniitoad  of 
amitmU  he  ranphiyed  variable  Meiataocea,  bringing  therehy  the 
cnmnla  compared  to  equally,  and  inferring,  from  the  amount  of 
Tw«tanee  meaanred  ont  between  two  deviatiooB  of  the  galrano- 
neter  needle,  the  electromotiTe  forces  and  reriatances  of  the  circuit, 
utording  to  the  peiticDlsT  conditions  of  the  experiments. 

For  this  purpose,  he  invented  an  instnunent,  which  he  calls  a 


verj-  smaU  diameter ;  the  other  is  made  of  briue.  By  means  of  a  h«nrlle 
anv  part  lA  the  wire  cim  be  anwound  from  the  -wooden  cylinder  and  wound 
on  tlie  braeB.  The  coils  on  the  wood  cylinder  being  inBDlateil  an<l  kept 
iiiarate  from  each  other  br  the  giooie,  the  current  pasaee  tliroosh  tha 


entire  length  of  the  » ire  coiled  upon  that  cj  holer  but  the  colli  <n  Ihe 
brasa  cylinder  not  being  insulated,  the  current  passes  immediately  fr.>"i  tlit 
point  of  the  wire  which  is  in  contsct  with  the  cylinder  to  a  spring  in  metallic 
communieatiOT  with  the  wires  of  the  circuit.  The  effective  part  of  the  length 
of  the  wire  is  therefore  the  variable  portion  which  ie  on  the  wooden  cylinder. 
The  cylindeTB  treaixiucbee  in  length  and  i  j  inch  in  diaiDetei  -,  Ihe  tlkioula 


206  YOLTAIG   ELSCIBIdTT. 

of  the  screw  are  40  to  the  inch,  and  the  wire  ia  of  braaa  lis  of  an  in^  m 
diameter.    A  scale  U  placed  to  meaaoie  the  number  of  coUb  nmromid ;  and 
the  fractions  of  a  cdl  are  determined  by  an  index  which  ia  fixed  to  the  aui ' 
of  one  of  the  cylinders,  and  points  to  the  diyisiona  of  a  graduated  scale. 

For  measuring  veiy  great  reaistanoefly  such  as  long  telegiaph 
wires  or  imperfectly  conducting  liquids,  a  series  of  coals  of  &ie 
silk-covered  copper  wire,  about  ^  of  an  inch  in  diameter,  is 
employed.    Two  of  these  coils  are  50  £9et  in  length ;  the  othen 
are  respectively  100,  200,  400,  and  800  feet.     The  two  ends  d 
each  coil  are  attached  to  short  thick  wires,  fixed  to  the  uppv 
faces  of  the  cylinders,  which  serve  to  combine  all  the  coils  in  one 
continuous  length.    On  the  upper  face  of  each  cylinder  is  a  donhk 
brass  spring,  movable  round  a  centre,  so  that  ite  ends  may  rest  it 
pleasure,  either  on  the  ends  of  the  thick  wires  united  to  the 
circuit,  or  may  be  removed  from  them  and  rest  upon  the  wood. 
In  the  latter  position,  the  current  from  the  circuit  must  pass 
through  the  coil ;  but  in  .the  former  position,  it  passes  Hurough  the 
spring,  and  removes  the  entire  resistance  of  the  coil  from  the 
circuit     When  all  the  springs  rest  on  the  wires,  the  resistanoe  of 
the  whole  series  of  coils  is  removed ;  but  by  turning  the  springs 
so  as  to  introduce  different  coils  into  the  circuit,  any  multiple  of 
50  feet  up  to  1600  may  be  brought  into  it. 

For  measuring  smsdl  resistances,  Wheatstone  employs  a  cylinder 
10^  inches  in  length,  and  3^  inches  in  diameter,  round  which  is 
wound  108  coils  of  copper  wire  ^  of  an  inch  thick,  any  part  of 
which  can,  by  turning  the  cylinder,  be  brought  into  the  circuit 

In  order  to  determine  the  sum  of  the  electromotive  forces  in  a 
voltaic  circuit,  Wheatstone  proceeds  as  follows  (Phil.  Trims.,  1843. 

p.  313)  :— 

*  In  two  circuits  prodncing  equal  electromotive  efiects,  the  sum  of  the 
clectromotiye  forces,  divided  by  the  sum  of  the  resistances,  is  a  constant 

quantity  i.e,  i7=-ii»  ^^  *°^  ^  be  proportionately  increased  or  diminished, 
1  "^^  *  *  R     nR 

F  will  obviously  remain  unchanged.  Knowing,  therefore,  the  proportion  of 
resistances  in  two  circuits  producing  the  same  eifect,  we  are  enabled  imme- 
diately to  infer  that  of  the  electromotive  forces.  But  as  it  is  difSicult  in 
many  cases  to  determine  the  total  resistance,  consisting  of  the  partial  re- 
sistances of  the  rheomotor  (or  voltaic  combination)  itself,  the  galvanometer, 
the  rheostat,  &c.,  I  have  recourse  to  the  following  simple  process.  Incressing 
the  resistance  of  the  first  circuit  by  a  known  quantity,  r,  the  expression  bectnnes 

.    In  order  that  the  effect  in  the  second  ciix;uit  shall  be  rendered  equal 
R  +  r 

to  this,  it  is  evident  that  one  added  resistance  must  be  multiplied  by  the 

same  factor  as  that  by  which  the  electromotive  forces  and  the  original 

resistances  are  multiplied,  for  -- —  _  -^ .    The  relations  of  the  length  of 

R+r    nR  +  nr 
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le  added  resistances  r  and  nr,  which  are  known,  immediately  give  therefore 
tiose  of  the  electromotive  forces.' 

Example. — Let  it  be  reqmred  to  determine  the  relative  electro- 
QOtiye  forces  in  a  single  pair,  and  two  similar  pairs  of  Darnell's 
ulphate  of  copper  battery.  Introduce  first  the  rheostat  and  the 
^yanometer  (Fig.  151)  into  the  circuit  of  the  single  cell,  and 
bdjust  the  wire  of  the  coil  either  by  coiling  or  uncoiling,  as  the 
iase  may  be,  imtil  the  galvanometer  needle  stands  at  45° ;  then 
incoil  the  wire  until  the  needle  is  reduced  to  40° )  and  the  number 
>f  tarns  required  to  do  this  represents  the  electromotive  force  of 
^e  cell.  Suppose  this  niunber  to  be  35,  Next  operate  precisely 
in  the  same  manner  with  the  two  cells,  interposing,  if  necessary, 
3ne  or  more  of  the  resistance  coil.  The  number  of  turns  of  the 
rheostat  cylinder  required  to  bring  the  needle  of  the  galvanometer 
to  40°  will  now  be  found  to  be  70 — just  double  the  number  required 
with  the  single  cell.  The  electromotive  forces  in  the  two  batteries 
ure  therefore  as  i  :  2.  If  in  the  second  experiment  the  two  cells 
}f  the  battery  are  arranged  as  a  single  pair — ^that  is,  the  copper  of 
^ne  connected  with  the  copper  of  the  other,  and  the  zinc  plate  of 
rae  with  the  zinc  of  the  other — it  will  be  found  that,  though  it 
requires  a  greater  interposed  resistance  to  bnng  the  needle  of  the 
^yanometer  to  45'',  the  same  number  of  subsequent  turns  will  be 
required  as  before  to  reduce  it  to  35^,  thus  showing  that  by  in- 
creasing the  size  of  the  plates  the  electromotive  force  of  the  battery 
is  not  increased. 

To  obviate  the  inconvenience  of  winding  and  unwinding  the 
wire,  whereby  it  is  apt  to  become  loose  on  the  cylinder,  and  one 
turn  to  ride  on  another,  the  rheostat  has  been  differently  aiTanged 
by  Mr.  Becker.    In  his  form  of  the 
instrument,  the  wire  is  wound  per-  ^^-  '52. 

manently  on  an  insulating  cylinder, 
and  any  number  of  turns  are  intro- 
duced into  the  circuit  by  means 
of  a  grooved  wheel,  w  (Fig.  152), 
moving  on  a  graduated  bar,  a  a. 
When  the  cylinder  is  made  to  ro- 
tate, the  wheel  is  screwed  along  the  bar,  or  the  bar  may  be  pressed 
back  by  hand,  and  the  wheel  slipped  along  it  to  any  point  desired. 
(112)  Standards  of  Reststanoe. — ^The  standard  of  resistance 
adopted  by  Wheatstone  was  that  produced  by  a  copper  wire,  one 
foot  of  which  weighs  icxd  grains.  Varley's  'unit,*  at  one  time 
adopted  by  the  Hectric  Telegraph  Company,  is  one  mile  of  the 
wire  used  for  underground  work  and  for  tunnels  (No.  16  copper 
wire).    Gterman-eOver  wire  is  now  generally  used  for  resistance 
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coils,  because  its  oonduciivily  is  bat  little  affected  by  change  oC 
temperatuie  when  compared  with  pure  copper.  Kemens  mi 
Ilalske  exhibited  at  the  Internatioiial  Exhibition  of  1862  ajeost- 
once  coil  based  on  an  unit  expressing  the  rwdstance  of  a  metn  of 
mercury  of  one  millimetre  Bection,  at  the  temperature  of  mehiif 
ice.  Other  coils  have  been  constructed  to  represent  the  resistanoe 
of  a  thousand  metres  of  iron  wire  four  millimetres  in  diameter, 
^uch  as  is  used  in  telegraphic  lines  abroad.  Br.  Matthiessen  hu 
adjusted  a  coil  expressing  the  resistance  of  a  standard  milB  of 
chemically  pure  copper  wire  one-sixteentb  of  an  inch  in  diameter, 
at  the  temperature  of  I5°'5  centigrade.  This  resistanoe  is  yezy 
different  from  that  of  a  mile  of  any  commerdal  copper,  and  the 
various  commercial  coppers  differ  too  widely  £rom  each  other  to 
allow  any  approximate  ratio  to  be  named  between  them  and  pare 
copper.  The  specific  resistance,  however,  of  copper  selected  for 
telegraphic  cables  is  generally  about  20  per  cent,  higher  than  that 
of  pure  copper. 

(113)  \ireber  and  Tliomaoii's  Absoliite  Xleetro-BMisBelte 
Measnre. — ^The  value  to  electrical  science  of  an  universal  standaid 
or  unit  of  resistance  would  be  very  great,  and,  if  generally  adopted, 
the  results  of  independent  observers  all  over  the  world  would 
become  comparable,  and  vague  expressions  of  opinion  v^ould  be 
replaced  by  definite  measurements.  Weber  and  Thomson  ha?e 
proposed  a  system  for  the  expression  of  those  quantities  in  absolute 
units  chosen  with  reference  to  their  relations  with  each  other,  and 
with  the  units  of  force  and  work,  which  must  henceforth  be  looked 
upon  as  the  connecting  link  between  all  physical  measurements.  The 
leading  idea  of  this  system  is  expressed  as  follows  by  Mr.  Fleemiog 
Jenkin  {Jui'ors^  Report  on  Electrical  Irutrutnents,  Intemationd 
Exhibition^  1862): — 

*  A  battery  or  other  rheomotor  of  unit  electromotive  force  will  generate  a 
current  of  unit  strength  in  a  circuit  of  unit  resistance,  and  in  the  unit  (A 
time  will  convey  a  unit  quantit}'  of  electricity  through  this  circuit,  doing  in 
the  same  time  a  unit  of  work  or  its  equivalent.  These  relations  leave  the 
absolute  magnitude  of  the  series  of  standards  undetermined.  Weber  hu 
proposed  to  fix  the  series  in  various  ways ;  but  the  most  convenient  (where 
measurements  have  to  be  made  by  observations  conducted  with  the  aid  of 
magnets)  is  probably  that  in  which  the  series  is  fixed  by  the  definition  of 
the  unit  current,  as  that  current  the  unit  length  of  which  at  a  unit  distance 
exerts  a  unit  force  on  the  unit  magnetic  pole.  The  definition  of  the  unit 
magnetic  pole  proposed  by  Gauss  and  Weber  in  its  turn  depends  solely  on 
the  units  of  mass,  time,  and  length.' 

In  determining  the  unit  of  electrical  resistance  and  the  other 
electrical  units,  we  must  simply  follow  the  natural  relations  exist- 
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g  bet'ween  the  various  electrical  quantities  and  between  these 
id  the  fundamental  units  of  titne,  mass,  and  space. 

In  the  absolute  electro-magnetic  system  of  Weber  and  Thomson 
iie  following  equations  exist  between  the  mechanical  and  electrical 
nits  {Jeakin,  Proc,  Royal  Soc,  vol.  xiv.  p.  158)  : — 

W^O^JU (I) 

nrhere  W  is  the  work  done  in  the  time  t  by  the  current  0  conveyed 
through  a  conductor  of  the  resistance  B.  This  equation  expresses 
Joule  and  Thomson's  law, 

where  E  is  the  electromotive  force.  This  equation  expresses  Ohm's 
law, 

Q=c< (3) 

which  again  expresses  a  relation  first  proved  by  Faraday,  where  Q 
is  the  quantity  of  electricity  conveyed  or  neutralised  by  the  current 
in  the  time  t,  finally,  the  whole  system  is  rendered  determinate 
by  the  conditions  that  the  unit  length  of  the  unit  current  must 
produce  the  unit  force  on  the  unit  pole  (Gauss)  at  the  imit  distance. 
If  it  is  preferred  to  omit  the  conceptions  of  magnetism,  this  last 
statement  is  exactly  equivalent  to  saying  that  the  unit  current 
conducted  round  two  circles  of  unit  area  in  vertical  planes  at  right 
angles  to  each  other,  one  circuit  being  at  a  great  distance,  D,  above 
the  other,  will  cause  a  couple  to  act  between  the  circuits  of  a 
magnitude  equal  to  the  reciprocal  cube  of  the  distance  D.  This 
last  relation  expresses  the  proposal  made  by  Weber  for  connecting 
the  electric  and  magnetic  measure. 

These  four  relations  serve  to  define  the  four  magnitudes  R,  0, 
Q,  and  E,  without  reference  to  any  but  the  fundamental  imits  of 
time,  space,  and  mass ;  and  when  reduced  to  these  fundamental 
units,  it  will  be  found  that  the  measurement  of  R  involves  simply 
a  yelocity,  i.e.  the  quotient  of  a  length  by  a  time.     It  is  for  this 

reason  that  the  absolute  measure  of  resistance  is  styled  ^?_E?    or 

second 

-,  precisely  as  the  conunon  non-absolute  unit  of  work  in- 


tteoond 

volving  the  product  of  a  weight  into  a  length  is  styled  kilogramme 

or  foot  pound. 

It  is  difficult  to  give  a  popular  definition  of  the  unit ;  but  the 
following  by  fleeming  Jenkin  will  serve  to  show  how  a  real  velo- 
city may  be  used  to  measure  a  resistance  by  using  the  velocity 
with  which  under  certain  circumstances  part  of  a  circuit  must  be 

p 
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made  to  moye  in  order  to  induce  a  given  current  in  a  ciTcmt  of 
the  resistance  to  he  measured : — 

The  resistance  of  the  absolute is  snch  that  a  ciirreiit  senentediBi 

second 

circuit  of  that  resistance  by  the  electro-magnetic  furoe  due  to  a  stndghlbn 

I  metre  long,  moving  across  a  magnetic  field  of  unit  intensity,  perpendiciilulj 

to  the  lines  of  force,  and  to  its  own  direction,  with  a  velocity  of  i  metre  pff 

second,  would,  if  doing  no  other  work  or  eqaivalent  of  work,  develop  in  tint 

circuit  in  one  second  of  time  a  total  amount  of  heat  equivalent  to  oaeabsnink 

unit  of  work,  or  sufficient  heat,  according  to  Joole's  expeiiments,  to  hnt 

0*0002405  gramme  of  water  at  its  maximum  density  i^  C. 

The  relations  of  the  system  of  units,  called  by  Weber  the  electnh 
magnetic  units,  to  each  other  and  to  the  mechanical  umtSy  mtj 
be  summed  up  thus : — 

The  unit  of  a  current  conveys  a  unit  of  electricity  through  thedrcnitiiia 
unit  of  time.  The  unit  current  in  a  conductor  of  unit  resistaxioe  prodnoesa 
effect  equivalent  to  the  unit  of  work  in  one  unit  of  time.  The  unit  cmrsot 
will  be  produced  in  a  circuit  of  unit  resistance  by  the  unit  of  electro-magndie 
force.  The  unit  current  flowing  through  a  conductor  unit  of  leogtii  will 
exert  (he  unit  force  on  the  unit  pole  at  the  unit  distance. 

In  order  to  determine  the  resistance  of  a  wire  in  ahsolnte 
measure,  Weber  (Phil,  Mag.  1861)  employed  two  methods. 

1 .  By  suddenly  turning  a  coil  of  wire  about  an  axis  so  as  to 
alter  its  position  relatively  to  the  terrestrial  lines  of  magnetic 
force,  he  produced  an  electromotive  force  acting  for  a  short  time 
in  the  coil.  This  coil  was  connected  with  another  fixed  coil  having 
a  magnet  suspended  In  its  c^itre.  The  current  generated  by  the 
electromotive  force  passed  through  both  coils,  and  gave  the  magnet 
a  sudden  impulse,  the  amount  of  which  was  measured  by  its 
extreme  deflection. 

Thus  an  electromotive  force  of  short  duration  produced  a  current 
of  short  diu^tion.  The  total  amount  of  electromotive  force  depended 
on  the  size  of  the  movable  coil,  and  the  intensity  of  terrestrial 
magnetism.  The  total  amount  of  the  current  is  measured  by  the 
impulse-  given  to  the  magnet,  and  the  mechanical  value  of  the 
impulse  is  measured  by  the  angle-  through  which  it  swings.  The 
resistance  of  the  whole  circuit,  consisting  of  both  coils,  is  then 
ascertained  by  dividinji:  the  electromotive  force  by  the  current. 

2.  By  causing  a  powerful  magnet  to  oscillate  within  a  coil  of 
wire.  By  the  motion  of  the  magnet  currents  are  produced  in  the 
coil,  and  these  reacting  on  the  magnet  retard  its  motion.  The 
rate  of  diminution  of  the  amplitude  of  the  oscillations^  when  com- 
pared with  the  rate  of  diminution  when  the  current  is  broken, 
aflbrds  the  means  of  determining  the  resistance  of  the  circuit. 
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(114)  TIM  BrltUli  mMffiilatlii  VMt  of  StootrlMa  Seslst- 

-In  their  experimental  metmnrementi  of  electrical  reeistaDce, 
J.  Olexk  Maxwelli  Balfour  Stewart,  and  Fleeming  Jeokin 
{fh8Umdard9ff  Meetriai  lUmtimkie,  BriiM  AMUoeiatUm  Report 
fm  1863)  adopted  an  apparatoa  designed  by  Plofeeeor  Thonuon, 
%  wlufih  the  leaistance  of  a  coil  can  be  determined  in  electro- 
ipfitir  meaaore  by  tha  obeervation  of  the  constant  deflection  of 
•■agnet. 

He  ooil  of  wire  is  made  to  revolve  about  a  Tortical  diameter  with  constant 
irioeitj.  The  motion  of  the  eoil  among  the  linei  of  force,  due  to  the  earth's 
Mgaetim,  prodaoea  indirect  cnrrents  in  tlie  ocXi^  which  are  alternately  in 
ippoiite  diiectioQ  with  respect  to  the  oca  itself,  the  direction  changing;  as 
it  plane  of  the  ooil  passes  through  the  east  and  west  direction.  If  we 
Madder  the  direetioii  of  the  current  with  respect  to  a  fixed  line  in  the  east 
■d  west  direction,  we  shall  find  that  the  changes  in  the  current  are  accom- 
pBied  with  dtanges  on  the  fkoe  of  the  ooU  presented  to  the  east,  so  that  the 
itwiute  direction  of  the  current  as  sem  from  the  east  remains  always  the 

If  a  magnet  be  auspended  in  the  centre  <rf  the  ooil,  it  will  be  deflected  Arom 
flSBorthand  aonth  Ihie  by  the  action  <rf  these  currents,  and  wjll  be  turned  in 
tie  same  direction  as  the  coil  revolTCs.  The  force  producing  this  deflection 
bTnying  continually  in  magnitude  and  direction ;  but  as  the  periodic  time 
ii  mBall,  the  oacillations  of  the  magnet  may  be  roidered  insensible,  by  in- 
(Rasing  the  maas  of  the  apparatus  along  which  it  is  suspended.  The  rcAisr. 
mee  of  the  ooil  may  be  found  when  we  know  the  dimensions  of  the  coil,  the 
lelodty  of  rotation,  and  the  deflection  of  the  magnet.  The  intensity  of 
torestrial  magnetism  enters  into  the  measurement  of  the  electromotive 
fine,  and  also  into  the  measurement-  of  the  current ;  but  the  measure  of  the 
resistance,  whyih  is  the  ratio  of  theso  two  quantities,  is  quite  independent  of 
the  value  of  the  magnetic  intensity. 

For  a  description  of  the  apparatus,  and  for  a  detail  of  the  ex- 
periments made  with  it,  and  a  discussion  of  the  results,  we  must 
refer  to  the  report  above  alluded  to.  The  committee  are  now  prepared 
to  supply  the  public  with  copies  of  their  standard  of  electrical 
resistance,  constructed  of  an  aUoy  of  platinum  and  silver,  whicli 

metre 
are  close  approximations  to  10,000,000  -^  m  Weber's  abso- 

BGC0I1Q8 

lute  electro-magnetic  system,  the  magnitude —  being  far  too 

seconuB 

small  to  be  practically  convenient.     This  is  not  very  diflerent  from 

Siemens's  mercury  unit,  which  has  been  found  convenient  in  practice. 

It  Lb  about  the  25th  part  of  one  mile  of  No.  16  impure  copper  wire, 

used  as  a  standard  by  the  Electric  and  International  Company.     It 

is  decided   that  the  new  standard  shall  not  be  called   ^  absolute 

metre 
measure,*  or  described  as  so  many ,  but  that  it  shall  re- 
seconds 

ceives  distinctive  name,  each  as  the  JB.  A.  unit,  or,  as  Ml.  LaWmet 

f2 
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Olark  suggests,  the  'Ohmad'.  or  'Ohm.'  Undeir  the  Dame  d 
*  Ohm '  the  British  Association  unit  of  resistebnce  is  now  genenlj 
known^  that  expression  having  been  umyersally  adopted  as  tia 
name  for  the  general  standard.  A  '  Megohm '  is  the  eqwTaldntof 
one  million  '  Ohms.* 


CHAPTER  X. 
VOLTAIC  ELECTRICITY  {continued). 

THE  CITBMrCAL  POWXBS    OF   THB   VOLXAIO  PILE. 

Decomposition  of  Water  and  Saline  Solutions — HTpothesis  of  Grotthns- 
Faraday's  Researches — Secondary  Results — ^Electro-metalliurgy— Electro- 
plating— Daniell's  Researches — Electrical  EndoemoBe. 

The  chemical  powers  of  the  voltaic  pile  were  discovered  ani 
described  by  Messrs.  Nicholson  and  Carlisle  in  the  year  1800. 
Water  was  the  first  compound  decomposed. 

In  the  year  1806  Davy  delivered  before  the  Royal  Society  his 
celebrated  lecture,  *0n  some  Chemical  Agencies  of  Electricity;' 
and  in  1807  he  announced  the  grand  discovery  of  the  decompositioD 
of  the  fixed  alkalies. 

The  masterly  researches  of  Faraday  were  given  to  the  world 
between  the  years  1831  and  1840.  ^ 

When  water  and  certain  saline  solutions  are  made  part  of  the 
electric  circuit,  so  that  a  current  of  electricity  may  pass  through 
them,  they  are  decomposed — that  is,  they  yield  up  their  elements, 
in  obedience  to  certain  laws.  Water  is  resolved  into  oxygen  and 
hydrogen  gases,  and  the  acid  and  alkaline  matters  of  the  neutral 
salts,  which  it  holds  in  solution,  are  separated  not  in  an  indiscri- 
minate manner,  but  the  oxygen  and  the  acids  are  all  developed  at 
the  positive  pole,^  and  the  hydrogen  and  the  alkalies  at  the  nega- 

1  According  to  Faraday's  views,  the  determining  force  is  not  at  the  so- 
called/>oZe5  of  the  voltaic  battery,  but  within  the  body  suffering  deoomposilioiL 
The  poles  of  the  battery  he  regards  as  the  doors  through  which  the  electricity 
enters  into,  or  passes  out  of,  the  decomposing  body ;  he  propcees,  therefore, 
for  them  the  name  electrodes,  from  riKtKTpou  and  6£6s  (way).  CompouDds 
decomposable  by  the  electric  current  he  proposes  to  call  electrolyteSf  from 
riKtKTpov  and  Kvu  (set  free)  ;  and  the  act  of  decomposing  a  compomidelectro- 
chemically  he  calls  its  electrolysis.  Mr.  Daniell  distingnishes  the  'doors' 
through  which  the  current  enters  and  departs  by  the  tenns  zina)de  and 
platinode,  the  former  being  the  plate  which  occupies  the  positioii  of  the 
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Fig.  153. 


ti?e.  If  pure  water  be  submitted  to  the  action  of  the  current,  it 
is  decomposed  with  great  difficulty^  in  consequence,  probably,  of 
its  bad  conducting  power ;  for,  if  a  little  sulphuric  acid  be  added, 
it  yields  to  the  power  of  a  very  moderate  current 

To  decompose  acidulated  water,  it  may  be  confined  in  a  glsHs 
tube,  sealed  hermeticaUy  at  one  end,  and  made  part  of  the  circuit  by 
means  of  gold  or  platinum  wires ;  or  the  arrangement  shown  in  Fig. 
153  may  be  adopted,  the  wires  being  about 
one-fourth  of  an  inch  apart.  If  two  tubes 
be  employed,  one  placed  over  either  wire, 
pis  wfll  be  collect^  in  each ;  but  that  in 
the  tube  over  the  negative  dectrode  will  be 
rather  more  than  double  in  volume  to  that 
in  the  tube  over  the  positive  dectrode ;  the 
former  being  hydrogen,  and  the  latter 
oxygen  gas.  Now  in  vapour  of  water,  the 
relation  in  volume  between  the  hydrogen 
and  oxygen  gases  is  exactly  as  two  to  one ; 
and  the  reason  why  they  do  not  appear 
precisely  in  this  proportion  when  water  is 
eiectrolised  is  because  oxygen  is  partially 
soluble,  and  a  portion,  is  therefore  retained 
in  the  acidulated  water  over  which  the  gases  are  collected. 

To  show  the  decomposition  of  a  neutral  salt,  and  the  (U*t -r- 
mination  of  the  acid,  or  the  element  replacing  it,  to  the  positive 
electrode,  and  of  the  alkali  to  the  negative,  the  followiiijr  exj)en- 
nients  mav  be  made : — 

I.  A  small  quantity  of  sulphateof  soda  may  be  dissolved  in  wnter  tin^^-d 
blue  by  tincture  of  violets,  and  introduced  into  a  glass  syphon-shaped  tube, 
into  either  aperture  of  which  is  inserted  a  platinum  wire  or  plate  proc('C(iing 
from  the  terminals  of  a  voltaic  batterj'',  as  shown  in  Fi^.  154  ;  in  a  short  time 
the  tluid  in  the  limb  into  which  the  positive  electrode  is  placed  will  become 
red^  and  that  in  the  limb  into  which  the  negative  electrode  is  inserted  will 
become  green  ;  the  former  indicating  the  presence  of  acid^  and  the  latter  of 
alkali.  If  the  direction  of  the  current  be  reversed,  the  colours  will  be  gra- 
duallv  reversed  also. 

This  experiment  may  be  modified  thus : — 

Let  two  tubes,  each  furnished  with  a  platinum  electrode,  be  filled  with  the 
coloured  saline  solution,  and  placed  in  two  separate  glasses,  connected  together 
by  a  glass  syphon-shaped  tube,  likewise  filled  with  the  saline  solution,  as 
shown  in  Fig.  155.     On  transmitting  the  current,  it  vsill  be  found  that,  not- 


generating  plate  on  the  battery,  and  the  latter  that  of  the  conducting  plate. 
The  old  terms  positive  and  negative  pole,  or  positive  and  negative  electrode, 
are,  however,  almost  universally  used. 
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witlifftanding  they  are  inverted  in  separate  glawwoe,  the  liquid  in  P  viDki 
turned  red,  and  that  in  N  ^recii,  as  before  ;  and,  if  the  ezpsffiment  be  oa- 


Flg.  154. 


Fte-»55- 


Pig.  xs6. 


tina(^d  snfficiently  lon^;^,  the  alkali  of  the  salt  will  be  fovnd  to  have  psmjl 
from  P  to  N,  and  the  add  flrom  N  to  P ;  tlie  acid  and  alkali  appearing  to 
traverse  the  syphon  in  opposite  directiona,  and  the  usoal  chemical  aflinitiet 
appearing  to  be  suspended  under  the  influence  of  electrical  attraction. 

2.  A  solution  of  common  salt  in  water  acidulated  with  hydrochloric  add, 
and  coloured  blue  with  a  lew  drops  of  the  sulphuric  solution  of  indigo,  msv  be 
introduced  into  a  glass  cell,  divided  into  two  compartments  by  a  diaphiagn 
composed  of  two  or  three  folds  of  bibuItMupaper  (Fig.  156).  On  transmittio); 
a  voltaic  current  through  the  solution,  it  will  be  found  in  a  few  minutes  tint 
thn  compartment  in  which  the  ponttve  electrode  is  immersed  has  lost  ita 
colour,  while  the  liquid  in  the  other  compartment  is  unaltered ;  but  00 
n^versing  the  direction  of  the  current,  the  liquid  in  tliis  compartment  will 
also  be  discoloured.    In  this  experiment  chlorine  is  eliminated  at  the  positire 

electrode  and  hydrogen  at  the  negatire; 
the  former  element  possessing  tlie 
property  of  bleaching  indigo. 

3.  I-.et  the  cell  be  filled  with  awetk 
solution  of  starch  acidified  with  hydro- 
chloric acid,  and  a  few  drops  of  iodidt 
of  piittusium  added.  Then,  after  di- 
viding the  cell  by  a  diaphragm  of 
bibulous  paper,  let  the  volteic  current 
be  transmitted  as  before.  The  liquid 
in  the  positive  compartment  will 
speedily  become  blue,  owing  to  the  liberation  there  of  iodine,  which,  entering 
immediately  into  combination  with  the  starch,  forms  an  iodide  of  starch  of 
a  fine  blue  colour. 

4.  Let  the  cell  be  filled  with  solution  of  salt,  to  which  a  fiew  drops  of  solo- 
tion  of  ferrocyanide  of  potassium  have  been  added.  Introduce  into  each  coid- 
partment  a  plate  of  iron  as  an  electrode  $  in  a  few  minutes  the  liquid  in  the 
positive  compartment  will  become  of  a  deep  blue  colour,  in  consequence  of 
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Jie  oxidation  and  solution  there  of  the  iron,  and  the  consequent  formation 
jiprKssian  blue  by  reaction  with  the  solution  of  the  ferrocjanide. 

5.  Fill  a  tall  cylinder  with  a  moderately  strong  solution  of  sulphate  of 
copper ;  connect  a  long  platinum  slip  with  either  end  of  a  voltaic  battery, 
and  immerse  them  in  the  solution.  In  a  few  seconds  the  plate  connected 
with  the  negative  electrode  will  become  covered  with  metallic  copper,  that  in 
connection  with  the  positive  electrode  remaining  bright.  Reverse  the  direction 
of  the  current,  the  metallic  cupreous  deposit  will  gradually  vanish  from  the 
platinum  plate,  and  make  its  appearance  on  the  other  plate,  now  the  negatire 
electrode.  In  the  electrolysis  of  metallic  solutions,  the  metali*,  when  reduced, 
always  appear  at  the  negative  electrode. 

A  remarkable  paper  on  Some  Chemical  Agencies  of  Electricity 
was  communicated  to  the  Royal  Society  in  November  1806  by 
Davy.    Amongst  other  experiments  the  following  are  described : — 

'  An  arrangement  was  made  consisting  of  three  vessels,  as  shown  in 
Fig.  157.  Solution  of  sulphate  ofpotaah  was  place4  in  contact  with  the 
negatively    electrified   point, 

pure  water  was  placed  in  con-  Fig.  157. 

tact  with  the  positively  elec- 
trified point,  and  a  weak  solu- 
tion of  ammonia  was  made  the 
middle  link  of  the  conducting 
chain,  so  that  no  sulphuric  acid 
could  pass  to  the  positive  point 
in  the  distilled  water  without 
passing  through  the  solution  of 

ammonia ;  the  tliree  glasses  were  connected  together  by  pieces  of  amianthus. 
A  power  of  150  pairs  was  used.  In  less  than  five  minutes  it  was  found  by 
litmus  paper  that  acid  was  collecting  round  the  positive  point ;  in  half  an 
hour  the  result  was  sufficiently  distinct  for  accurate  examination.  The 
water  was  sour  to  the  taste,  and  precipitated  solution  of  nitrate  of  bar^'^tes. 

Muiiatic  acid  from  munate  of  soda  and  nitric  acid  from 

nitrate  of  potash  were  transmitted  throus:h  concentrated  alkaline  menstrua 
under  similar  circumstances ;  when  distilled  water  was  jAaced  in  the  ne<;ative 
part  of  the  circuit,  a  solution  of  sulphuric,  muriatic,  or  nitric  acid  in  the 
middle,  and  any  neutral  salt  with  the  base  of  /ime,  soda^  potash^  ammonia^  or 
flM^jfnema  in  the  positive  part,  the  alkaline  matter  was  transmitted  through 
the  acid  matter  to  the  negative  surface,  with  similar  circumstances  to  those 
occurring  during  the  passage  of  the  acid  through  alkaline  menstrua.' 

These  experiments  excited  at  the  time  they  were  announced  the 
utmost  astonishment ;  and  the  only  way  by  which  they  could  at 
all  be  explained  was  by  supposing  that  throughout  the  whole 
circuit  the  natural  affinities  of  substances  are  suspended,  but  again 
recovered  when  they  are  dismissed  at  the  electrodes  by  which  they 
were  attracted. 

(115)  BjrpotlieBiB  of  Grottbiui.  —  The  earliest  and  most 
plausible  theory  to  explain  the  chemical  decompositions  effected 
by  the  voltaic  battery  was  that  of  Grotthus.    He  assumed  that  each 
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constituent  of  a  binary  compound  is  in  an  opposite  electrical  eta^ 
one  of  the  elements  being  electro-positive,  and  the  other  electro- 
negative ;  and  that  under  the  influence  of  the  contrary  electricities 
of  the  poles  or  electrodes  there  is  effected  in  the  liquid  in  which 
they  are  immersed  a  series  of  decompositions  and  recompositioiiB 
from  pole  to  pole.  Take  for  example  the  case  of  water.  In  its 
natural  or  unelectriiied  state  the  natural  electricities  of  the  mole- 
cules of  oxygen  and  hydrogen  are  in  equilibrium,  as  they  each 
possess  an  exactly  equal  amount  of  the  opposite  forces,  the  oxygen 
being  electro-negative — that  is,  having  a  natural  attraction  for 
negative  electricity — and  the  hydrogen  electro-positive,  i.e.  having 
a  natural  attraction  for  positive  electricity.  When  brought  under 
the  influence  of  the  voltaic  current,  the  row  of  molecules  between 
the  poles  or  electrodes  is  thrown  first  into  an  electro-polar  state — 


Fig.  158  (a). 
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that  is,  the  electro-negative  molecules  turn  towards  the  positive 
electrode,  and  the  electro-positive  molecules  turn  towards  the 
negative  electrode,  as  shown  in  Fig.  158  (a),  where  the  dark  half- 
circles  represent  the  molecules  of  electro-negative  oxygen,  and  the 
light  half-circles  those  of  electro-positive  hydrogen. 

The  positive  electrode  p  acts  by  induction  on  the  electricity  of 
the  molecule  of  water  a  ;  the  oxygen  takes  a  negative  charge^  and 
turns  towards  the  positive  electrode.  In  like  manner  the  negative 
electrode  n  acts  by  induction  on  the  electricity  of  the  molecule  e, 
the  hydrogen  of  which  takes  a  positive  charge,  and  turns  towards 
the  negative  electrode.  The  positive  electricity  of  a  thus  accu- 
mulated on  the  hydrogen  molecule  produces  the  same  action  on  6  as 
the  positive  electrode  produced  on  it;  b  in  like  manner  acts  upon 
c ;  c  on  dy  and  so  on,  until  all  the  particles  of  water  between  the 
two  electrodes  assume  the  polar  arrangement  shown  in  the  figure. 
If  now  the  voltaic  current  be  sufficientiy  powerful,  discharge  takt^ 
place  along  the  whole  line  of  particles,  the  oxygen  of  each  mole- 
cule passing  on  to  the  hydrogen  of  the  one  on  its  left ;  consequently 
A  molecule  of  oxygen  is  left  free,  and  escapes  as  gas  at  the  positive 
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BCtrode,  and  a  molecule  of  hydrogen  is  left  free,  and  escapes  as 
18  at  the  negative,  thus : — 


Fig.  158  (6). 
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The  same  theory  is  applicahle  to  every  case  of  the  decomposition 
of  a  single  electrolyte,  and  also  to  the  wonderful  experiments  of 
Dayy.  In  all  cases  there  must  he  one  unhroken  series  of  particles 
of  the  electrolyte  hetween  the  two  electrodes ;  and  in  the  case  in 
which  the  acid  and  alkaline  constituents  of  the  salts  appear  to  he 
drawn  through  pure  water,  anmionia,  &c.,  the  decomposition  could 
not  have  conmieuced  until  a  portion  of  the  salt  had  passed  hy 
capillary  attraction  across  the  syphons,  so  that  a  continuous  line  of 
saline  particles  was  estahlished  hetween  the  electrodes. 

(116)  Water  may  serve  as  an  Sleotrode. — A  suhstance 
cannot  he  transferred  in  the  electric  current  heyond  the  point  where 
it  ceases  to  find  a  particle  with  which  it  can  comhine.  A  single 
ion  * — ^that  is,  one  not  in  comhination  with  another — will  have  no 
tendency  to  pass  to  either  electrode,  and  will  he  perfectly  indif- 
ferent to  the  passing  current.  If  comhined  in  right  proportions 
with  another  ion  strongly  opposed  to  it  in  ordinary  chemical  rela- 
tions— ^that  is,  if  an  anion  he  comhined  with  a  cation — then  both  will 
travel,  the  one  to  the  anode,  and  the  other  to  the  cathode.  If, 
therefore,  an  ion  pass  towards  one  of  the  electrodes,  another  ion 
must  he  also  passing  simultaneously  to  the  other  electrode,  though 
from  secondary .  action  it  may  not  make  its  appearance.  The 
nature  of  the  suhstance  of  which  the  electrode  is  formed,  provided 
it  be  a  conductor,  causes  no  difference  in  the  electro-chemical  de- 
composition, either  in  kind  or  degree,  though  hy  secondary  action 
it  may  greatly  influence  the  state  in  which  the  ions  finally  appear. 


^  Faraday  proposes  to  call  the  elements  of  an  electrolyte  ionSy  from 
participle  of  the  verb  eT/m  (to  go).  The  iotu  which  make  their  appearance  at 
the  xKMitive  electrode,  or  anode,  he  calls  anions ;  the  term  anode  being  derived 
ftom  ova  (upwards),  and  6£bc  (way) — the  way  which  the  sun  rises  ;  the  tons 
which  make  their  appearance  at  the  negative  electrode,  or  cathode,  he  calls 
catidnM  ;  the  term  cathode  being  derived  from  Kara  (downwards),  and  6£b$ 
(wayy—the  way  which  the  sun  sets. 
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The  beauUful  eiperimenU  of  Fftraday,  in  wluch  sh"  ml  ihowg  I 

to  act  as  a  pole,  have  been  referred  to  (36).      Bj  the  foUowug  I 

arrany:pment,  the  decomposition  of  sulplUite  of  magneaia  agiinitk  I 
surface  of  w&tet  is  ftatisfactorily  demotutnted : — 

A  i;lniu  li.nrin,  funr  inchea  In  diunUer  and  fbnr  inchei  deep,  lud  «  ^TUa 
o(  iii'rit  D  (Vuf.  159)  Hxud  acnHa  iti  npper  part  K>  as  to  dnuend  am  iack 
■ud  ■  hijf  below  the  edge  ud  he  pattaij 
fli-  il»  -wftter-tigbt  at  the  Bides.     A  plate  of  pUdau 

&,  three  incksewlde,  wee  pot  fnta  tba  badn  m 
one  aide  of  tbe  dlvidon  a,  end  retained  tbot 
bj  a  glaa  block  brloir,  so  that  »aj  gM  pn- 
duced  hj  it  in  a  future  atap  at  Uie  aipof- 
■neat  ahonld  not  ascend  beyond  the  mica,  ud 
CBOM  cunentt  in  the  liquid  an  Hiat  ndf.  A 
strong  aolution  of  gulphate  at  magneda  «B 
carefiillj  poured  withont  qdaablng  Into  Um 
biain,  until  it  rora  a  little  slMve  the  Iowa 
fdge  of  tbe  mica  dindoD  a,  ginat  can  bong 
taken  that  the  glaoa  or  mica  on  the  unocee- 
pied  or  c  side  of  Cbo  diviaion  in  tbe  figii* 
pjiould  not  be  nioifltened  bj  agibtloo  of  Iha 
Biilatian  above  the  level  to  which  it  nee.  A 
tliin  piece  ef  cork,  wdl  wetted  in  distilM 
water,  waa  then  carefnllj  aud  lightly  placed 
on  the  eoleiion  at  the  c  aide,  and  diatUM 
water  poai>4  gently  on  it,  until  a  alnnui 
tliQ  eiglilh  of  an  inch  in  thickneaa  appeared  over  the  aulpliate  of  magnnia 
All  wa->  then  left  fur  a  &w  minatee,  that  any  aolution  adhering  to  the  tmk 
nii^ht  .'ink  awnr  tmai  il,  or  Iw  rsmoved  fmm  [he  water  oB  which  it  now 
rioutoil,  and  tht^  more  distilli'd  wat^r  wsa  added  in  a  timilar  manner  aalil 
it  reuched  nearly  to  tbe  top  uf  the  glass.  In  thia  way  solution  of  ealpbata 
of  niagneiia  occupied  tlie  loner  put  of  tbe  gUu,  ai 
rl|-ht  aide  of  the  mica  ;  but  on  the  leithand  aide  of 
uf  water  from  etod,  one  inch  and  a  half  in  depth,  reposed  upon  it.  Tbe 
two  prownted,  when  looked  (brough  horizDntally,  a  couipnratively  definite 
plane  uf  contact. 

A  rcuriod  platinum  pole  e  was  iirraDgcdsoaatubejaat  under  the  aarfanaf 
the  water  in  a  posilion  nearly  hotizontiil,  aliltle  inclination  being  given  to 
it,  lliatKas  evolveil  during  decompoeitiou  migbteecape.  Tlie  pan  immerHd 
wu  three  inches  and  a  half  long  by  one  inch  wide  ;  and  abeat  aeren  inchei 
ofwnler  intervened  between  it  nnd  tbe  aulution  of  eulphate  ofmagneaia. 

taic  hiitter>-,  whilst  tlic  former  pvleft  waa  connected  with  the /xuifiH  end. 
Oae  waa  evnlvi^  at  both  poles,  but  from  the  intervention  of  pure  water  the 
decomposition  was  very  feeble  compared  to  what  the  battery  would  have 
ctrveled  in  a  unifivrm  aulutioi.  Afters  while  (less  tban  aminnle},iiii^nc'<i 
aliu  agipeared  at  the  negative  end.  It  did  sot  mutt  tli  ajjmnnei  at  tit 
Mtfalice  mttatlic  pi>le,&iit  in  Iki  leatir  attho  place  where  the  solution  and  tbe 
water  mFt ;  and  on  looking  at  it  horizontally,  it  c«nld  there  be  pereeived 
lying  iu  the  water  upon  the  aolution.  not  rising  more  than  the  fijurth  of  ae 
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inch  above  the  latter,  whilst  the  water  between  it  and  the  negative  pole 
was  perfectly  clear.  On  continuing  the  action,  the  bubbles  (k  hydrogen 
rising  upwards  from  the  negative  pole  impressed  a  circulating  movement  on 
the  stratum  of  water,  upwards  in  the  middle  and  downwards  at  the  side, 
which  gradually  gave  an  ascending  form  to  the  cloud  of  magnesia  in  the 
part  just  under  the  pole,  having  an  appearance  as  if  it  were  there  attracted 
to  it,  but  this  was  altogether  an  effect  of  the  currents,  and  did  not  occur  till 
long  after  the  phenomena  looked  for  were  satisfactorily  ascertained. 

(117)  Transfer  of  Blements. — No  element  or  substance  can 
be  transferred  or  pass  from  pole  to  pole  unless  it  be  in  chemical 
relation  to  some  other  element  or  substance  tending  to  pass  in  the 
opposite  direction^  the  effect  being  essentially  due  to  the  mutual 
relation  of  such  particles.  Thus,  pulverised  charcoal  or  sublimed 
mlpkurydiffaaedi  through  dilute  sulphuric  acid,  exhibits  no  tendency 
to  pass  to  the  negative  pole,  neither  do  spongy  platinum  or  go^  pre- 
cipitated by  sulphate  of  iron :  yet  in  these  cases  the  attraction  of 
cohesion  is  almost  perfectly  overcome ;  the  particles  are  so  small 
as  to  remain  for  hours  in  suspension,  and  are  perfectly  free  to  move 
by  the  slightest  impulse  towards  either  pole. 

As  an  illustration  of  the  transfer  of  elements,  and  their  progress 
in  opposite  directions,  parallel  to  the  electric  current,  the  decompo- 
sition oi  chloride  of  silver  by  silver-wire  electrodes  may  be  refiftrred 
to.  Upon  fasing  a  portion  of  this  compound  on  a  piece  of  glass, 
and  bringing  the  poles  into  contact  with  it,  there  is  abundance  of 
silver  evolved  at  the  negative  electrode,  and  an  equal  quantity  ab- 
sorbed at  the  positive^  for  no  chlorine  is  set  free,  and  by  careful 
management  the  negative  wire  may  be  drawn  from  the  fused 
globules  as  the  silver  is  reduced  there,  the  latter  serving  as  the 
continuation  of  the  pole,  until  a  wire  or  thread  of  revived  silver 
hve  or  six  inches  in  length  is  produced.  At  the  same  time  the 
silver  at  the  positive  electrode  is  rapidly  dissolved  by  the  chlorine 
which  seizes  upon  it,  so  that  the  wire  has  to  be  continually  ad- 
vanced as  it  is  melted  away.  The  whole  experiment  includes  the 
action  of  only  two  elements — silver  and  chlorine, 

(118)  Bleetro-ohemical  Classification  of  Elements. — The 
following  arrangement,  though  not  altogether  derived  from  experi- 
ment, and  therefore  subject  to  correction  and  modification,  is  use- 
ful as  indicating  the  electrical  tendencies  of  a  large  number  of 
bodies.  In  the  list  of  negative  substances,  each  element  is  to  be 
considered  as  negative  to  all  hdow  and  positive  to  all  above  it  in 
the  list,  and  the  same  applies  to  the  list  of  positive  substances. 
The  elements  are  therefore  negative  or  positive  only  in  relation  to 
each  other.  Thus  supposing  a  compound  of  oxygen  and  chlorine  to 
be  electrolysed,  the  oxygen  would  go  to  the  positive  and  the  chlo- 
rine to  the  negative  electrode ;  but  if  the  compound  were  composed 
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of  chlorine  and  phosphorus ,  then  the  chlorine  would  go  to  thepoei- 
tive,  and  the  phosphorus  to  the  negative  electrode : — 


I.  Electro-negative  Elements. 

Oxygen. 

Sulphur. 

Selenium. 

Nitrogen.. 

Fluorine. 

Chlorine. 

Bromine. 

Iodine. 

Phosphorus. 

Arsenic. 

Chromium. 

Vanadium. 

Tungnten. 

Boron. 

Carbon. 

Antimony. 

Tellurium. 

Titanium. 

Silicon. 

Hydrogen. 


II.  Electro-positiye  Elements. 

Potassium. 

Sodium. 

Lithium. 

Barium. 

Strontium. 

Calcium. 

Magnesium. 

Aluminum. 

Uranium. 

Manganese. 

Zinc 

Irom 

Niekel. 

Cobalt. 

Cadmium. 

Lead. 

Tin. 

Bismnth. 

Copper. 

SUver. 

Mercury. 

Palladium. 

Platinum. 

Gold. 

(119)  Definite  Slectro-cbemioal  Jkction. — This  was  one  of 
the  grand  discoveries  of  Faraday.  In  the  investigation  of  the  ques- 
tion it  was  necessary  to  construct  an  instrument  which  should  mea- 
sure out  the  electricity  passing  through  it,  and  which,  heing  inter- 
posed in  the  course  of  the  current  used  in  any  particular  experiment, 
should  serve  at  pleasure  either  as  a  comparative  standard  of  effect, 
or  as  a  positive  measurer  of  the  agent.  Water  acidulated  with 
sulphuric  acid  was  the  electrolyte  chosen,  and  Fig.  160  exhibits 
one  of  the  forms  of  apparatus  employed,  to  which  Faraday  gave 
the  appropriate  name  of  the  Voltameter  ot  the  Votta-dectrom^ter  :— 

d  is  a  straight  tube,  closed  at  one  extremit}',  and  graduated ;  through  the 
sides  near  the  open  end  the  platinum  wires  h  h'  pass,  being  ftised  into  the 
glass  and  connected  with  the  platinum  plates  within.  The  tnbe  is  fitted  by 
grinding  into  one  mouth  of  a  double-necked  bottle,  one-half  or  two-thirds 
filled  with  water  acidulated  with  sulphuric  acid.  The  tube  is  filled  by  in- 
clining the  bottle ;  and  when  an  electric  current  is  passed  through  it,  the 
gases  evolved  collect  in  the  upper  part  of  the  tube,  and  displace  the  dilute 
acid,  the  stopper  c  being  left  open.  When  the  graduated  tube  a  is  filled 
with  the  mixed  gases,  the  electric  current  may  be  broken  by  removing  the 
wires  connected  with  h  ft',  the  stopper  c  replaced,  and  the  meter  tube  refilled 
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''y'  properly  inclining  the  instrnmeDt ;  >  wcond  meaeureof  get  may  then  ba 
""-         ■    "  i-estaftlishing  the  drcuit.  And  so  on.    M«ny  oUier  furioi  msy 


be  ipven  to  this  iostrninent.  Fig.  i6i  is  ■  usefuJ  Hnangement,  rapecially 
when  the  experiments  are  long  continued,  :uid  where  large  qoaatitint  of  tlie 
indicating  gaaea  u«  to  be  collected.  The  method  of  uaiDg  it  is  eufHciendy 
obTioos.  Tlie  dcliterf  tube  condiicui  the  gasea  into  a  graduated  recetTer 
atanding  on  the  shelf  of  a  hydro-pneamatic  trongh,  where  they  can,  from 
time  to  time,  be  measured. 

By  A  aeriee  of  experimentB  made  with  this  apparfttue  under  )i 
Tnrietj  of  forms,  with  difEerent-eized  platinum  electrodes,  with 
acid  solutions  of  Tarious  degrees  of  atrength,  and  with  currents  of 
varjdug  d^p«ea  of  inMnrat;,  it  was  proved 

<  That  Boter  wAen  nbjected  to  tht  infitunta  oftkt  electric  cnrrcnt  it  doom- 
poted  tit  quantity  exactly  pnportitmale  to  tJu  quaniilff  of  electricity  wAicftpatiet 
Aromgh  H,  tchattver  may  bt  the  amditioiu  and  ciraunitaneet  tinder  which  it 
nay  bepiaeed,* 

Hence  the  inatnunent  may  he  employed  with  confidence  as  an 
exact  meaauror  of  voltaic  electricity.  As  a  proof  that  variatioa  of 
mfenMfy  haa  no  influence  on  tbe  results  if  tiie^iuin^ity  of  electiicily 
,  remun  the  same,  Faraday  arranged  three  voltameters  in  such  a. 
manner  that  after  the  current  had  passed  through  one  it  divided 
into  tiBo  paita,  each  of  which  traveraud  one  of  the  r 
instruments,  and  then  reunited. 

'  The  turn  of  the  decompoiilimu  in  the  two  latter  vessels  w 
eqwd  to  the  dtvoti^otititm  m  theform^  veuel.' 

To  insure  accurate  results,  the  plates  of  the  voltameter  should 
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he  placed  Tery  close  to  each  other;  and  where  more  than  <me 
iDHtrument  is  included  in  the  circuit,  the  plates  should  he  the  same 
distance  apart  in  each.  The  chance  of  solution  of  the  gases  in  the 
acidulated  water  is  thus  diminished,  and  rendered  uniform  in  each 
instrument.  Still  more  accurate  results  are  obtained  by  oollectiiig 
the  hydrogen  only,  as  this  gas  is  scarcely  senmbly  soluble  in  water. 

'  WJien  the  same  current  passes  siwccesrfuUy  through  d^erent  elec- 
trdyteSt  the  qtiantities  of  these  compounds  decomposed,  and  of  the 
several  elements  eliminated,  are  chemicaUy  eqmvalent  to  each  otiwr.^ 

Example,  Electrolytic  Decomposition  of  Chloride  of  Tin,— 
Faraday  made  the  following  experiment  : — 

A  piece  of  platinum  wire  had  one  extremity  coiled  into  a  small  knob,  and 
having  been  carefully  weighed,  was  sealed  hermetically  into  apiece  of  bottk- 
glass  tube,  so  that  the  knob  should  be  at  the  bottom  of  the  tube  within.  The 
tube  was  suspended  by  a  piece  of  platinum  wire,  so  that  the  heat  of  a  epirit- 
lainp  could  be  applied  to  it  Recently  fused  protochloride  oS  tin  was  introduced 
in  sufficient  quantity  to  occupy  when  melted  about  one-half  of  the  tube. 
The  wire  of  the  tube  was  connected  with  the  fugative  electrode  of  a  vdtaic 
battery,  and  a  platinum  wire,  connected  with  the  positive  electrode,  was 
dipped  into  the  fused  chloride  in  the  tube,  being,  however,  83  bent  that  it 
could  not  by  any  shake  of  the  hand  or  the  apparatus  touch  the  negative 
electrode  at  the  bottom  of  the  vessel.  The  whole  arrangement  is  shown  in 
Fig.  162. 

Fig.  Z62. 


Under  these  circumstances  the  chloride  of  tin  was  decomposed ;  the  chlorine 
evolved  at  the  positive  electrode  formed  bichloride  of  tin,  which  passed  away 
in  fumes,  and  the  tin  evolved  at  the  negative  electrode  combined  with  the 
platinum,  forming  an  alloy  fusible  at  the  temperature  to  which  the  tube  was 
subjected,  and  therefore  never  occasioning  metallic  communication  through 
the  decomposing  chloride.  When  the  experiment  had  been  continued  for 
some  time,  the  battery  connections  were  broken,  the  positive  electrode  re- 
moved, and  the  tube  and  remaining  chloride  allowed  to  cool.  When  cold,  the 
tube  was  broken,  the  undecomposed  chloride  and  the  glass  being  easily 
separaole  from  the  platinum  wire  and  its  button  of  alloy.  This  latter  when 
washed  was  re-weighed,  and  the  increase  gave  the  weight  of  the  tin  reduced. 
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*  The  negative  electrode  weighed  at  first  20  grains :  after  the  experiment 
it  weighed  with  the  button  of  alloy  23*2  grains.  The  tin  evolved  by  the  elec- 
tric current  at  the  cathode  weighed  therefore  3*2  grains.  The  quantity  of 
oxygen  and  hydrogen  gases  collected  in  the  voltameter  amounted  to  3*85 
cubic  inches.  Now  as  100  cubic  inches  of  oxygen  and  hydrogen  in  the  pro- 
portion to  form  water  may  be  considered  as  weighing  12*92  grains,  the  3*85 
tabic  inches  collected  in  the  experiment  would  weigh  0*49742  gr.,  that  being, 
therefore,  the  weight  of  water  decomposed  by  the  same  electric  current  that 
was  able  to  decompose  such  a  weight  of  protochloride  of  tin  as  could  yield 
3*2  grains  of  metaL 

*Now  0*49742  :  9  (the  equivalent  of  water)  ::  3*2  :  57*9  :  579  should. 
therefore,  be  the  equivalent  of  tin,  if  the  experiment  had  been  without  error, 
and  if  the  electro-chemical  decomposition  is  in  this  case  also  definite.  In 
some  chemical  works  58  is  given  as  the  chemical  equivalent  of  tin ;  in  others, 
57*9.  Both  are  so  near  to  the  result  of  the  experiment,  and  the  experiment 
itsdf  ifl  so  subject  to  slight  causes  of  variation,  that  the  numbers  leave  little 
doubt  of  the  applicability  of  the  law  of  definite  action  in  this  and  all  similar 
cases  of  decomposition.'   - 


Faraday  experimented  upon  chloiHde  of  lead  in  a  manner  pre- 
cisely similar,  except  that  plumbago  was  substituted  for  platinum, 
as  the  positive  electrode.  Tba  mean  of  three  experiments  gave 
100*85  as  the  equivalent  for  lead.  The  chemical  equivalent  is 
103*5,  the  deficiency  being  prol)al)ly  attributable  to  the  solution  of 
part  of  the  gas  in  the  voltameter. 

In  some  experiments  several  substances  were  placed  in  succes- 
fflon,  and  decomposed  simultaneously  by  the  same  electric  current : 
thus  protochloride  of  tin,  chloride  of  lead,  and  toate7'  were  acted  on 
at  once ;  the  results  were  in  harmony  with  each  other,  the  tin, 
lead,  chlorine,  oocygen,  and  hydrogen  evolved  being  definite  in  quan- 
tity, and  electro-chemical  equiyalents  to  each  other. 

(120)  ikbsolate  Quantity  of  Sleotric  Force  in  Matter. — 
The  establishment  of  the  theory  of  definite  electro-chemical  action 
led  Faraday  to  the  consideration  of  the  absolutequantity  of  electric 
force  in  matter.  To  decompose  a  single  grain  of  acidulated  water, 
an  electric  current  powerful  enough  to  retain  a  platinum  wire 
J  5^  of  an  inch  in  thicknass  red  hot  must  be  sent  through  it  for 
three  minutes  and  three  quarters  ;  and  this  quantity  of  electricity 
is  equal  to  a  very  powerful  flash  of  lightning.  Yet  the  electrical 
power  which  holds  the  elements  of  a  grain  of  water  in  combination, 
or  which  makes  a  grain  of  oxygen  and  hydrogen  in  the  right  pro- 
portions unite  into  water  when  they  are  made  to  combine,  equals 
in  all  probability  the  current  required  for  the  separation  of  that 
grain  of  water  into  its  elements  again,  and  this  Faraday  has  shown 
to  be  equal  to  800,000  charges  of  a  Leyden  battery  of  1 5  jars, 
each  containing  184  square  inches  of  glass  coated  on  both  sides: 
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indeed,  a  beautiful  experiment  is  described  by  Faraday,  in  Wbicli 
the  chemical  action  of  dilute  sulphuric  acid  on  52*21  parts  (or 
one  •  equivalent)  of  amalgamated  zinc,  in  a  simple  voltaic  ciide, 
was  shown  to  be  able  to  evolve  such  quantity  of  electridtj  in  the 
form  of  a  current,  as,  passing  through  water,  could  decompoee 
9  parts  (one  equivalent)  of  that  substance ;  thus  rendering  complste 
the  proof  (bearing  in  mind  the  definite  relations  of  electricity) 
'  that  the  electricity  which  decomposes^  and  that  which  is  evolved  iy 
t?te  decomposition  of,  a  certain  quantity  of  mattery  are  alikeJ 

(121)  Secondarsr  Seanlts. — When  the  material  out  of  which 
the  electrodes  are  formed  is  liable  to  the  chemical  action  of  the 
substances  evolved,  either  simply  in  consequence  of  their  natural 
relation  to  them,  or  of  that  relation  aided  by  the  influence  of  the 
current,  they  then  suffer  corrosion,  and  the  portions  dissolved  are 
subject  to  transference  in  the  same  manner  as  the  particles  of  the 
body  originally  under  decomposition.  Thus  ssinc  can  combine  with 
oxypreu  and  acid,  and  if  made  the  positive  electrode  it  does  so 
combine,  and  immediately  begins  to  travel  as  oxide  towards  the 
negative  pole.  Charcoal,  if  made  the  negative  electrode  in  a 
metallic  solution,  refuses  to  unite  to  the  bodies  which  are  ejected 
from  a  solution  on  its  surface ;  but  if  made  the  positive  electrode 
in  dilute  sulphuric  acid,  it  is  capable  of  combining  with  the  oxygen 
evolved  there,  and  consequently  imites  with  it,  producing  both 
carbonic  acid  and  carbonic  oxide. 

Again,  if  the  electrodes  employed  to  electrolyse  a  solution  of 
sulphate  of  soda  be  both  platinum,  the  direct  results  of  the  voltaic 
decomposition  of  the  salt  are  obtained,  because  the  platinum  has  no 
tendency  to  combine  with  either  the  hydrogen,  oxj'gen,  acid,  or 
alkali  evolved;  but  if  platinum  be  the   positive  electrode  in  a 
solution  of  nitrate  or  acetate  of  lead,  then,  instead  of  oxygen  being 
evolved,  peroxide  of  lead  is  deposited  on  the  plate  in  consequence 
of  the  action  of  the  nascent  oxygen  on  the  protoxide  of  lead. 
When  a  compound  yields    uncombined  and   unaltered   at   the 
electrodes  those  bodies  which  have  been  separated  by  the  electric 
current,  the  results  are  considered  as  pnmary,  but  when  any 
second  reaction  takes  place,  by  which  the  substances  which  appear 
at  the  electrodes  are  not  those  which  the  inunediate  decomposition 
of  the  compounds  would  produce,  then  the  results  are  secondary^ 
although  the  bodies  evolved  may  be  elementary.    Thus,  if  solution 
of  ammonia  be  decomposed  by  platinum  electrodes,  nitrogen  appears 
at  the  positive  electrode ;  but  though  an  elementary  body,  it  ia  a 
secondary  result  in  this  case,  being  derived  from  the  chemical 
action  of  the  oxygen  evolved  there  upon  the  ammonia  in  the  sur- 
roup'^''"'*  solution.    In  the  same  manner,  when  aqueous  solutions 
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t  certain  metallic  salts  are  electrolysed,  the  metals  evolved  at 
le  negaliye  pole,  though  elements,  are  secondary  results,  and  not 
nmediate  consequences  of  the  decomposing  power  of  the  current. 
(122)  Crystallisations  and  Beoompositions  Ivy  Feeble 
Currents. — ^By  exposing  different  metallic  solutions  to  the  action 
if  feeble  eleclrical  currents,  using  electrodes  of  various'  nature, 
lome  very  interesting  results  were  obtiuned  by  Becquerel  ( Traits 
ie  VElectriciUf  torn.  iii.  p.  287  et  seq.) : — 

Suboxide  of  copper ^  in  the  form  of  small  bright  octohedrbns  of  a  deep  red 
Bolour,  was  obtained  by  filling  a  tube  with  a  solution  of  nitrate  of -copper, 
p^tK»iTig  at  the  bottom  some  powdered  protoxide,  and  plunging  into  the  liquid 
a^plate  of  copper.  The  tube  being  then  hermetically  sealed,  the  crystals  made 
their  appearance  in  about  ten  days. 

CiyatalUsed  protoxide  ofiead  was  obtained  by  placing  at  the  bottom,  of 
a  tube  some  pulverised  litharge,  and  pouring  over  it  a  slightly  diluted 
Bolation  of  subacetate  of  lead,  then  plunging  in  a  plate  of  lead  which  was 
equally  in  contact  with  the  litharge ;  the  tube  was  then  hermetically  sealed, 
Mkd  the  surface  of  the  plate  became  gradually  covered  with  crystals  of 
hydrated  protoxide  of  lead. 

CrffstaRiaed  oxide  of  zinc  was  obtained  thus :  two  bottles  were  filled,  one 
vrith  a  solution  of  oxide  of  zinc  in  potash,  and  the  other  with  a  solution  of 
oitrate  of  copper ;  a  communication  was  established  between  them  by  means 
of  a  bent  tube  filled  with  potter's  clay,  moistened  with*  a  solution  of  nitrate 
of  potash ;  a  plate  of  lead  was  immersed  in  the  solution  of  zinc,  and  a  plate 
of  copper  in  the  solution  of  copper.  These  two  plates  were  put  into  metallic 
ocnnmunication  with  each  other.  The  nitrate  of  copper  was  decomposed  in  con- 
sequence by  the  current  proceeding  from  the  action  of  the  alkali  on  the  lead ; 
the  oxygen  and  the  nitric  acid  were  transferred  to  the  lead,  and  these 
produced  nitrate  of  potash  and  oxide  of  lead,  which  was  dissolved  in  the 
alkali. 

After  the  experiment  had  been  continued  for  some  days  small  (dear  crystals 
of  oxide  of  zinc  were  found  deposited  on  the  plate  of  lead^ 

Chloride  ofeilver  was  obtained,  in  the  form,  of  translucent  octohedra,  by 
immersing  a  plate  of  silver,  attached  by  a  wire  of  the  same  metal  to  a  piece 
of  charcoal,  in  a  tube  containing  hydrochloric  acid. 

Chloride  of  wpper^  and  the  sulphides  of  silver,  lead,  and  tin,  were  alHO 
obtained  in  beautifully  crystalline  forms  by  a  similar  method  of  experi- 
menting. 

The  attention  of  Becquerel  was  subsequently  more  particularly 
directed  to  those  weak  electrical  actions  which  are  set  up  when 
rocks  and  the  metallic  and  other  substances  which  occupy  mineral 
T^s  and  beds,  come  in  contact  with  the  mineral  waters  which 
rise  from  the  interior  of  the  earth.  The  following  experiments, 
among  many  others,  are  described  :-r- 

I.  A  plate  of  amalgamated  zinc  surrounding  a  copper  i^ire  was  plunged 
into  a  solution  of  tUica  in  potash.  After  a  fortnight's  action,  small,  regu- 
lar, octohedral  crystals  of  Ayfraferf  oxide  of  zinc  were  formed  011  the  zinc 
plivbe. 

a 


226  VOLTAIC  BUBCTBICITT. 

2.  A  lead-copper  arrangement  was  sabstitated  fiir  the  zhKyooppeTyCrjitib 
of  anhydroua  oxide  of  lead  were  depodted  on  the  lead  plate. 

3.  Lumps  o{  galena  were  left  for  several  years  in  aolntions  otddimdtitf 
sodium  and  sulphate  of  copper.  The  following  prodncta  were  formed  >^a) 
chloride  of  sodium  in  cubes  and  other  crj-stalline  forms  of  great  regularity 
and  brilliancy ;  (6)  chloride  of  lead  in  needles  and  cubes ;  (e)  m^pkaie  of  had 
in  octoliedra  ;  (d)  chloro-sulphate  of  lead  in  needles ;  (e}  batie-ekhride  of  bad 
in  microscopic  crystals ;  (/)  aulphide  of  copper  black,  but  without  any  ap- 
pearance of  ciystallisation. 

Becquerel  thinks  that  similar  reactions  take  place  in  natnie: 
rain  water  coming  into  contact  with  mineral  masses  and  Teim 
formed  of  metallic  combinations  becomes  charged  with  chloride 
of  sodium,  and  sulphate  of  copper  arising  from  the  decomposition 
of  copper  pyrites;  the  resulting  solutions  coming  into  contact 
with  galena,  react  upon  it  weakly,  and  give  rise  to  the  yarioas 
compounds  above  described. 

By  operating  with  weak  and  long-continued  electrical  cunents^ 
some  very  interesting  results  were  likewise  obtained  hj  Mr.  Orosfle. 
Thus,  beautiful  translucent  crystals  of  carbonate  of  lime  were  ob- 
tained over  the  whole  surface  of  a  piece  of  slate  immersed  in  spiring 
water  and  connected  with  the  negative  electrode  of  a  sulphate 
of  copper  battery,  the  platinum  wire  constitutiog  the  positive 
electrode  being  tvidsted  round  a  piece  of  mountain  limestone  also 
immersed  in  the  water ;  in  the  same  way  sttHactitic  carbonate  tf 
strontia  and  mammillated  carbonate  of  baryta,  and  the  sulphates  of 
strontia  and  baryta  in  crystalline  forms,  were  obtained  by  electrify- 
ing positively  in  spring  water  native  carbonates  and  sulphates 
of  strontia  and  baryta ;  the  crystals  of  silicic  acid  were  obtained  by 
electrifying  positively  a  piece  of  solid  opaque  white  quartz  in  a 
solution  of  pure  carbonate  of  potash. 

By  the  following  simple  arrangement,  suggested  by  the  late  Dr. 
Gelding  Bird,  fine  crystals  of  copper,  suboxide  of  cojjper,  and  oiide 
of  zinc  may  be  obtained : — 

A  glass  tube  open  at  both  ends,  about  half  an  inch  in  diameter  and  three 
inches  in  length,  is  closed  at  one  end  by  means  of  a  plug  of  plaster  of  paris 
about  one-eighth  of  an  inch  in  thickness.  The  tube  is  filled  with  a  mode- 
rately dilute  sohition  of  nitrate  or  chloride  of  copper,  and  placed  inside  a 
cylinilrical  glass  vessel  nearly  tilled  with  a  weak  solution  of  potash  or  soda. 
The  leaden  leg  of  a  compound  lead  and  copper  arc  is  plunged  into  the  outer 
cylinder  and  the  copper  leg  into  the  tube.  Tlie  lead  slowly  dissolves  in  the 
iilkaline  solution,  and  electric  action  is  set  up :  the  current  traverses  the 
plaster  of  paris  partition,  and  the  oxide  of  copper  (pre«  ipitated  by  the  slow 
admixture  of  the  alkaline  solution  with  the  copper  salt)  is  reduced  partly  to 
the  metallic  state,  and  partly  to  suboxide,  both  of  which  cryj«tftllise  on  the 
negative  copper  leg  of  the  arc.  If  a  solution  of  oxide  of  zinc  in  caosuc 
potash  be  substituted  for  the  uncombined  alkali  in  the  larger  vessel,  a  c^^ 
*""i»ie  deposit  of  oxide  of  zinc  takes  place  iu  ubout  eight  or  ten  days  on  the 
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(123)  Hteotrolytla  Sednotloti  of  aceiaU. — The  electrO' 
reduction  of  the  metals  of  the  alkalies  was  originally  accompliithed 
by  Davj  with  a  hatter;  of  100  pairs  of  6-ioch  copper  and  zinc 
plktos,  but  may  be  affected  with  a  Bariea  of  8  or  10  cells  of  Grove's 
or  Bunsen's  battery  in  the  following  tnanner : — 

Let  a  eavlt]'  be  acuoped  in  a  pieoe  of  pate  mciistened  caustic  potash  or 
ioda,  and  let  it  be  filled  with  mercary  :  lay  the  alkali  ona  atrip  of  platinum 
Anl  crainecrted  with  tha  poeitiTe  electrcde  of  the  battery,  and  introduce  iuto 
(he  mercury  a  pTatiaum  wire  ia  coutact  wiih  the  negative  electrode  ;  an 
anul^m  of  poCaaaium  or  eodiuut  with  mercury  will  apeedily  be  formed.  In 
like  manner  the  immoniacat  amalgam  ma?  be  formed  by  pourinj;  a  little 
mercury  into  a  holaicooped  in  a  lump  of  sal-am niouiao,  and  connecting  the 
mercary  with  the  negative  and  the  moistened  sal-ammoaiac  with  the  p«d- 
tJTe  electrude.  This  ia  a  very  atrilcing  experiment,  the  globule  of  mercury 
gradually  inrjeailng  in  size  outil  it  extenda  far  beyond  the  cavity  which 
firat  contained  it.  Tha  amslgam  ia  priyloced  more  rapidly  and  copiously  if 
the  mercary  be  previously  combined  with  a  small  qoanti^  of  potasaiiini  or 

By  means  of  the  little  apparatus  shown  in  Fig.  163,  the  late  Dr. 
Goldinf;  Bird  succeeded  in  obt^ningamBlgamB  oipotamum,  iodium, 
and  ammonium,  and  other  metals,  in  a  cryslalline  form,  with  the 
feeble  current  from  a  single  Diuiiell's  cell  {Phil.  Trans.  1837) : — 

A  glaM  cylinder  d,  1-5  inch  in  diameter  and  4  inches  intengtb,  ie  closed 
at  ona  end  by  means  of  a  plug  of  plaster  of  paria  07  inch  in  thicknesa  i  the 
crliBdet  la  fixed,  by  meaca  of  corka,  inaide  c,  a  cylindrical  glass  vensct  a, 
about  dght  inchca  deep  and  two  in  diameter.    A  piece  of  copper  e,  «x 


a  copper  conducLin;;  wire  k  sol- 
coiled  up  and  placed  in  the  small  cylinder  with  the 
pluter  bottom ;  a  piece  of  sheet  zinc  K  of  equal  size  ia  algo  lunsely  coiled  up 
and  plactd  in  the  large  external  cyhndcr,  Imng  furaiahed,  like  the  copper 
pUle,  with  a  oondncting  wire  I.  The  larger  cylindrical  nlasa  being  then 
HUed  with  weak  brine,  and  the  smaller  with  a  saturated  solution  of  aulphai' 
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c/c*  §per,  the  two  duiJa  being  prevented  from  mizing  bjr  the  piUiter  of  puii 
liiAf-hnpn.  the  appantus  is  complete,  and  will  avail  to  give  a  oontinnoai 
ourrt'nt  of  eleccricitv  for  some  weeks,  provided  caie  be  taken  that  the  fluids 
iu  the  two  c\-lindi:ri  are  maintaififd  at  the  same  level. 

m 

The  decompctfin^  cell  is  the  oonnterpart  of  the  battery  itseilfl  It  oomirtB 
of  two  glass  ovlinders,  one  within  the  other,  the  smaller  one  g  hsTiag  a 
bottcm  of  plaster  of  parts  fixed  into  it ;  this  smaller  tube  is  abont  half  an 
inch  wide  and  three  inches  long,  and  is  intended  to  hold  mercury  and  tke 
metallic  solution  submitted  to  experiment ;  the  external  vessel/iii  whidi  it 
is  immersed  being  filled  with  a  weak  solution  of  common  salt.  In  the  latter 
a  sli  p  of  amalgamated  zinc  i  is  immersed  for  the  positive  electrode^hdiignl- 
dert-d :  o  I  he  wiie  coming  fh>m  the  positive  plate  of  the  battery ;  whilst  forthe 
wgAiive  rlectr<.<de  a  sUp  of  platinum  foil  A  fixed  to  the  wire  from  the  aae 
pl:i:e  of  the  banenr  passes  through  a  cork  fixed  in  the  mouth  of  the  smaller 
cuU?.  and  dips  into  the  metallic  solution  which  it  contains.  In  about  eight 
or  ton  hours  the  mercury*  becomes  swollen  to  double  its  former  bulk,  md 
when  it  is  quickly  poured  into  distilled  water,  hydrogen  gas  is  evolved  md 
the  water  becomes  alkaline.  The  ammcmiacal  amalgam  was  most  easlr 
obtair.t\! :  it  had  a  buttery  consistence,  and  when  immersed  in  water,  alowljr 
gave  oiT  bydrvtgen  gas,  and  yielded  eolation  of  ammonia. 

Bif\i  found  that  the  spongy  ammomacal  amalgam,  though  it  cannot  be 
kept  immersed  in  water,  even  for  a  few  instants,  without  the  formatioD  of 
anmionia,  could,  nevertheless,  be  preserved  for  weeks  without  change,  as 
long  as  it  was  connected  with  the  negative  electrode  of  the  battery. 

With  the  same  apparatus.  Dr.  Bird  reduced  the  metals  firom  solutionaof 
chloride  or  nitrate  of  i/vn,  copper,  tin,  zinc,  bUmutk,  antmony,  Uad,  and  viver. 
Bii^muth^  leatL  and  si/rer  were  bMUtifuUy  crystalline ;  the  latter  of  dazding 
whiiencBiis,  and  usually  in  the  form  of  needles.  He  also  obtained  tiUeim 
from  a  solution  of  chloride  of  silicon  in  alcohol. 

The  metals  barium^  tttontiunif  hud  calcium  were  obtained  by 
Buns<.'n  by  electrolysing  their  respective  chlorides,  mixed  up  to  a 
quisle  with  water  and  a  little  hydrochloric  acid,  at  a  temperature 
of  212^  Fah..  the  negative  electrode  being  an  amalgamated  plati- 
num wiiv.  A  crystalline  amalgam  was  thus  obtained  from  which 
the  morcury  was  distilled  off  in  a  stream  of  hydrogen.  LUkkm 
was  reiluoed  from  the  fused  chloride  in  a  porcelain  crucible,  the 
positive  electrode  being  a  splinter  of  gas  coke,  and  the  negative  ao 
intn  wire,  the  power  employed  being  from  four  to  six  cells  of  the 
nil  no  acid  btutery.  Magnesium  may  be  obtained  from  the  fused 
chloride.  In  a  similar  manner,  aluminum  may  be  obtained  from 
a  mixture  of  fused  chloride  of  aluminum  and  sodium.  For  the 
reduction  of  certain  metals,  Bunsen  places  the  liquid  to  be  decom- 
posed in  a  small  porous  cell  standing  in  a  carbon  crucible,  which 
destitutes  the  positive  electrode,  the  negative  being  a  narrow 
strip  of  platinum  dipping  into  the  liquid.  The  whole  is  heated 
over  a  water-bath.  The  metals  dwomium  and  manganeu  may  he 
obtained  in  a  state  of  perfect  purity  by  electrolysing  in  the  ahoTe 
•uanuer  concentrated  solutions  of  their  chlorides. 
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(124)  BlaotTa-^AtBUDrfrT' — When  the  circuit  ia  completed 
in  a  cell  of  the  sulphate  of  copper  hatt«ry  of  Daniell,  the  electrical 
canent  pusses  freely  through  the  metallic  solution ;  no  hydrogen 
makes  i1^  nppearanco  on  the  conducting  plate,  but  a  conting  of 
puis  copper  is  deposited  upon  it.  In  the  discoTsr;  of  this  battery, 
then,  we  find  the  origin  of  the  now  exteowve  art  of  electro- 
metaUu^y  ;  for  it  appears  that  in  his  earlier  experioieats  it  ws3 
noticed  by  Mr.  Dsniell  that  on  remoTingSi  piece  of  the  reduced  copper 
fiom  a  platiuum  electrode,  scratches  on  the  latter  were  copied 
with  accuracy  on  the  copper ;  and  Hr.  de  la  Bue  made  the  ob- 
servation (Phil.  Mag.,  vol.  ix.  p.  484),  that  'the  copper  plate  is 
eorered  with  a  coating  of  metallic  copper  wliich  is  continually 
hmag  depovted,  and  so  perfect  is  the  sheet  of  copper  thus  formed, 
that  on  bdng  ntripped  off,  it  has  the  polish,  and  even  the  counter- 
part, of  every  scratch  of  the  plate  on  which  il  is  deposited.' 

The  first  practical  applications  of  this  fact  were  made  by  Jacobi. 
of  St.  Petersburgh  (Feb.  1837),  and  by  Spencer  and  Jordan  ( 1 838), 
of  Liverpool. 

The  first  kind  of  apparatus  employed  by  Spencer  was  simply  a 
common  tumbler  to  hold  tiie  copper  solution,  and  a  gas  glass, 
haying  one  end  closed  with  brown  paper  or  plaster  of  paria,  to 
contain  the  saline  solution ;  the  coin  to  be  copied,  and  a  piece  of 
line  the  same  size,  were  attached  to  the  extremities  of  a  piece  of 
copperwire.  The  gas  glass  being  fixed  in  the  axis  of  the  tumbler, 
the  zinc  was  placed  in  it,  and  the  copper  wire  bent  in  snch  a 
manner  as  to  bring-  the  coin  immediately  under  it  in  the  copper 
solution.  The  battery  process  was  subsequently  described  by  Mr. 
Spencer,  and  the  method  of  giving  a  conducting  surface  t«  non- 
metallic  substances,  by  rubliing  them  over  with 
plumbago,  was  suggested  by  Jacobi,  but  int 
dueed  into  this  counti;  by  Mr.  Murray. 

The  ungle-«ell  apparatus  is  shown  in  Fig,  164. 

z  is  a  rod  of  amalgamated  zinc  ;  m  the  mould  ;  id  tho 
wire  joining  them ;  e  the  capper  wlutioD ;  p  a  tube  of 
poroos  urtheDwue,  contAJnlDg  ■  solution  of  [he  acid  itnd 
water.  To  put  it  in  action,  the  copper  solution  (which 
miut  be  kept  Mtnnted  by  keeping  the  perforated  shelf 
nail  supplied  wiih  ciyBtala  of  anlphate  of  copper)  it 
poured  in,  the  poroue  tube  is  then  filled  with  acid  water 
Ud  placed  as  In  the  figure,  and  then  the  mouici  ia 
plunged  into  the  copper  solutjon  and  attHched  to  the 
line  rod.  The  mould  moat  not  be  too  smntl  in  propor- 
lioa  to  &a  eiza  ( f  the  dnc,  and  the  conccntFateil  pare  of 

bo  remain  at  the  bottom  01  Ihe  copy  1 
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Another  form  of  Hie  dngle-cell  amngemant,  in  itUdi  nalkct 
ficid  Dor  Diercuiy  u  used,  ia  sfaown  in  Fig,  1 6 j. 

It  OHUuti  of  a  woodan  box  vdlm- 
nished  in  the  iDtarior,  and  ^fidtd  iitii 
two  unequal  eella  bj  a  pBitiUin  <if  ptna 
wood.  Ths  larger  cell  i*  fflled  with  i 
uitunted  ulDtioii  of  mlpfaatc  rf  npie:, 
the  mniUer  irith  a  half-aataiated  ulstini 
at  111  >nimoniac.  Ia  the  filnneT  is  t  tbdf 
conUining  ■  anpplT-  of  ciyatali.  Tht 
■inc  plate*  are  part.  The  acdoii  ia  nut 
eqnalLj  quick  with  that  mnltiTie  Ina 
the  additiim  of  acid,  bat  it  will  be  ttn, 
and,  u  Hr.  Walker  obaema,  Ulnie  mm 
fMqnuitl;  remits  from  the  power  of  tke 
li*llei7  being  too  itTong  than  bom  Hi 
Iteing  too  W8tk. 

The  batterj  apparatus  is  shown  k 
Figs.  i66  and  167. 

A  (Fig.  166)  ia  a  cell  of  the  nUpbita 
of  copper  battery  t  b  ia  the  decomp  "* 
veil  filled  with  an  aeid  aotulion  of  eolphate  of  copper  ;  c  a  aheet  of  coppgr 
cunnecli^  with  tbo  positive  pole  of  the  batteiy  to  keep  the  aolution  nipplM 
with  capper  eiilt ;  m  a  strip  of  metal  connected  with  the  illative  poK 
from  which  the  mouldii  intended  to  receive  the  copper  depoait  are  auapeDdtd 
by  metal  wires.  To  clisrge  tbe  arrangemBit,  the  eolutions  are  poured  in, 
the  wire  i  in  conneclnl  with  the  copper  sheet,  snd,  Intily,  the  wire  i  will 
the  moulds.  The  ch>r»!inK  liquid  ie  a  mixture  of  one  part  lulphuric  lai, 
hm  parts  of  the  saturated  solution  of  sulphate  of  copper,  and  eigfii  pant  of 


When  the  circuit  is  cumplet*d,  the  copper  from  the  solutiun  is  iransff^ 
to  the  moulds,  and  the  copper  sheet  undergoes  oxidation  and  solutioa,  0"* 
keeping  up  theitrtuKth  of  the  liqnid.  Rather  a  longer  time  tareqnindbj 
Ibie  method  than  with  a  tingle  cell,  but  two  days  will  prodnca  a  medil  sf 
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v  good  substance,  firm  and  pliaUc.    The  time  reqaired  depends,  however, 
.  tbe  Umptrattire, 


[Bment  shown  in  Fig.  167,  mieZwJrofjipM  may  be  taken  off  »t 
e  Bame  time  :  a  Is  the  batterj  ;  B  the  troDgh  ;  i  At  wire  iManectiag  Che 
pper  plAtfi  c  with  the  copper  cell  of  the  battery;  £  the  wire  connecting  the 
raids  with  the  zinc  of  the  battery  ;  a  a  a  a  a  fire  beot  copper  wirei,  each 
kwing  a  monld  at  oae  end  and  a  piece  of  copper  at  the  other. 

Fig.  i6j. 
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The  tiillowing  directions  foTRhai)(in|;  this  trough  are  given  by  Mr.  Walker 
{EleelTOtgpt  Maaiptiiatum)  : — 'Connect  the  copper  plate  e  with  the  battery  i 
place  a  wire  with  its  e:ctreme  ends  dipping  in  the  cutremo  ends  of  the 
iJDiigh  i  then,  having  previously  connected  the  lirc  and  mould  with  the 
wire  2,  place  the  zinc  in  the  poroiia  cell  anit  (he  mould  in  the  place  at  m;  in 
abodt  two  minutes  it  will  be  covered  with  copper.  After  this  there  is  no 
fear  of  chemical  action.  Then  remove  the  end  of  the  eoppei  wire  from  the 
cell  containing  n,  and  place  It  in  the  next  cell,  complete  the  circoit  with 
the  bent  wire  ii,hsTingamouldatoneendBnd  a  piece  of  copper  at  the  other. 
After  waiting  two  minntes  for  a  deposit  of  copper,  remove  the  end  of  the 
wire  one  cell  farther  forward ;  and  so  continue  till  the  six  moulds  are 

The  advontt^  in  point  of  ecooomj'  from  uaing  tUa  l&st  form  of 
decompOffltioD  trough  ia  apparent,  when  it  U  contdilered  that  for 
every  ouiace  of  copper  released  from  the  solution  in  tte  genersitirig' 
cell,  one  ounce  will  be  depaaited  on  each  mould,  cmd  about  an 
ounce  of  zinc  will  be  conaumed  io  effecting  this.  Whether,  there- 
fore, osB,  iix,  or  even  t^weoty  moulds  be  placed  in  sericB,  the  eame 
quantity  of  zinc  will  be  required  ;  and  hence  one  ounce  of  zinc  may 
Iw  made  to  furmah  electricity  enough  to  produce,  according  to  the 
itill  of  the  experiiaeoier,  one  or  six  or  more  medala,  eax;h  weighing 
<ne  ounce.  If  tbe  eolutiou  be  concentrated,  the  more  alowly  the 
action  takes  place,  the  haj^r  and  more  crystaUine  the  deposit.  By 
ntodiffing  the  power  of  the  battery  and  the  strength  of  (be  solu- 
tion, tite  depout«d  copper  may  be  obtained  of  any  desired  degree 
of  toughneas. 
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In  ElkiD^on's  large  depositing  works  at  Birmingluun  tiie  old 
form  of  Wollaston  battery  is  principally  employed ;  it  is  wodeed 
as  a  single  pair.  A  new  battery  will  work  well  for  lour  days, 
and  the  acid  (one  sulphuric  acid  and  eight  water)  lasts  about  one 
month.  It  is  reckoned  that  2  lbs.  of  zinc  are  consomed  for  every 
pound  of  copper  deposited.  The  objects  oh  which  the  copper  is 
deposited  should  haye  the  same  surface  area  as  the  zinc  of  the 
battery.  No  crystals  of  sulphate  of  copper  are  suspended  in  the 
depositing  troughs,  which  are  six  feet  deep,  and  hold  about  vfioo 
gallons;  the  liquor  lasts  five  years  without  changing  or  adding 
either  acid  or  sulphate  of  copper.  Particular  attention  is  paid  to 
the  temperature  both  of  the  battery  room  and  the  depositing  room ; 
it  is  kept  as  nearly  as  possible  at  60^  Fah. 

To  take  impressions  from  medals  or  other  works  of  art  it  may 
be  required  to  copy,  Gore  recommends  {Pharm.Jour.f  July  1855) 
a  mixture  of  two  parts  guttarpercha  and  one  part  of  marine  glue ; 
the  materials  are  to  be  cut  up  and  the  glue  melted  at  a  gentle  heat 
and  incorporated  with  the  guttarpercha.  The  paste  is  to  Iw 
applied  whilst  soft,  with  a  pressure  gradually  increasing,  to  the 
surface  of  the  object  to  be  copied.  Moulds  of  plaster  of  Paris 
must  be  immersed  in  melted  wax  or  tallow  to  render  them  impei^ 
vious  to  moisture,  and  afterwards  well  covered  with  the  best  black 
lead.  In  all  cases  the  backs  of  the  moulds,  if  the  material  is  a 
conductor  of  electricity,  must  be  coated  with  a  resinous  varmsh  to 
prevent  a  metallic  deposit  from  taking  place  at  those  parts. 

One  elegant  method  of  producing  a  conducting  surface  upon 
flowers,  leaves,  fruits,  and  other  delicate  articles,  was  invented  by 
Captain  Ibbetson.  It  consists  in  immersing  them  in  a  weak  solu- 
tion of  phosphorus  either  in  ether  or  in  bisulphide  of  carbon, 
allowing  the  solvent  to  evaporate  from  the  surface,  and  then 
plunging  the  objects  into  a  solution  of  nitrate  of  silver ;  in  thia 
way  a  film  of  metallic  silver  is  deposited,  upon  which  the  deposit 
from  the  battery  may  be  received.  K  a  steel  plate  is  to  be  copied, 
it  must  be  electrotyped  in  silver  previous  to  introducing  it  into  the 
copper  solution.  In  the  process  of  electrozirudng,  which  is  carried 
on  very  extensively,  the  iron  plates,  rods,  or  chains  are  inmiersed 
in  a  solution  of  sulphate  of  zinc,  and  connected  with  the  nega- 
tive electrode  of  the  battery,  a  plate  of  zinc  forming  the  podtive 
electrode ;  the  power  required  is  very  small. 

(125)  Blectro-platiner- — Silver  cannot  be  obtained  in  the  form 
of  coherent  plates  by  electrolysing  a  solution  of  its  nitrate,  the 
metal  being  deposited  in  a  granular  or  crystalline  form  however 
slow  the  action.  The  same  is  the  case  with  gold  and  platinum 
when  the  chlorides  of  these  metals  are  electrolysed.     In  the  pro- 
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cesses  of  electro-silvering  and  electro-gildings  the  double  cyanides 
of  silver  or  of  gold  with  potassium  or  calcium  are  employed,  the 
positive  electrodes  being  silver  and  gold. 

The  preparation  of  the  argento-  and  auro-cyanide  solutions  in 
!Elkington*s  large  electro-metallurgical  establishment  is  as  follows 
(^Napier) : — 

The  best  yellow  pnissiate  of  potash  is  well  dried  upon  an  iron  plate,  and 
then  reduced  to  a  fine  powder ;  carbonate  of  potash  is  similarly  treated : 
eight  parts  of  the  former  are  well  mixed  with  three  of  the  latter.  They  are 
then  placed  in  a  hot  iron  pot  on  the  fire,  and  when  melted  are  covered  and 
allowed  to  remain  for  about  half  an  hour ;  the  contents  are  then  poured  upon 
an  iron  plate,  and  form  the  simple  cyanide  of  potassium.  Nitrate  of  silver  is 
next  prepared  and  precipitated  in  the  form  of  cyanide  of  sihrer  by  the  care- 
ful addition  of  cyanide  of  potassium ;  it  is  well  washed,  and  is  now  dissolved 
in  excess  of  cyanide  of  potassium  to  form  argento-cyanide.  A  solution  which 
contains  one-fiftieth  of  its  weight  of  silver  is  found  to  be  a  convenient 
strength. 

The  articles- to  be. plated  ace  first  boiled  in  potash,  then  scoured  with  fine 
sand,  afterwards  passed  through  nitric  acid,  and  then* washed  in  boiling 
water.  After  a€ew  seconds  of  electric  action,  they  are  brushed  with  a  scratch- 
brush  to  perfect  the  cleaning,  and  are  then  placed  in  the  solution  to  com- 
plete the  plating,  which  process  is  accomplished  in  five  or  six  hours.  After 
thiMhey  aa'e>  burnished. 

Four  cells  ofWollaston's  battery,  the  zinc  plates  being  32  inches  long  and 
16  inches  wide,  deposit  24  oz.  of  silver  per  hour.  If  a  few  grains  of  bisul- 
phide of  carbon  dissolved  in  ether  are  added  to  the  silver  bath  the  metal  is 
deposited  bright,  without  the  bisulphide  it  is  thrown  down  dead,  but  a  care- 
ful management  of  the  battery  is  required ;  if  the  power  be  too  great  the 
effect  is  not  produced,  and  the  deposited  metal  is  apt  to  blister. 

The  magnet4>-electrical  machine  is  largely  employed  at  Messrs.  Elking- 
ton's  woHks  instead  of  "the  voltaic  battery  for  electro-plating.  From  the 
apparatus  at  present  employed,  17  oz.  of  silver  are  deposited  per  hour. 

The  auro-cyanide  is  not  so  easily  prepared  as  the  argento-cyanide.  The 
plan  formerly  adopted  was  to  dissolve  oxide  of  gold  in  cyanide  of  potassium. 
The  solution  is  now  generally  prepared  by  electrolysis.  A  porous  tube  con- 
taining cyanide  of  potassium  in  solution  is  placed  within  a  vessel  of  a  similar 
solution;  within  the  tube' is  a  gold  positive  ^Qctro^e,  within  the  vessel  the 
vegative  electrode  is  placed.  The  liquid  is  electrolysed,  and  the  gold  being 
dissolved  forms  the  gilding  solution,  which  is  removed  from  the  porous  tube 
for  use  when  sufficiently  saturated ;  the  liquid  in  the  outer  vessel  becomes  a 
solution  of  pota^  Electro-gilding  is  conducted  with  a  solution  at  the 
temperature  of  212°  Fah. 

(126)  MettaUo-cbromes. — WHien  acetate  of  lead  is  electro- 
lysed under  peculiar  circumstances^  it  gives  rise  to  secondary 
results  of  a  very  beautiful  character:  peroxide  of  lead  is  deposited 
at  the  positive  electrode,  and  by  carefully  regulating  the  thickness 
of  this  compound  a  series  of  most  magnificent  colours  may  be  pro- 
duced on  a  plate  of  highly  polished  steel.  The  process  recom- 
mended by  IHbr.  Gassiot  to  form  these  metaUo-^hrmnes  is  this : — 
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Place  the  polished  steel  plate  in  a  glass  basin  containing  a  dear  solotki 
of  acetate  of  lead,  and  over  it  a  piece  of  card  with  some  regnlar  device  cot 
out,  as  shown  in  Fig.  i68.    A  small  rim  of  wood  should  be  placed  over  tiie 

Fig.  z68. 


card,  and  on  that  a  circular  copper  disc.  On  contact  being  ma"e  from  ^ 
to  20',  with  tivo  or  three  cells  of  a  small  constant  battery,  the  steel  plate 
bciDf^  connected  with  the  positive  electrode,  and  the  copper  disc  with  the 
negative,  the  deposit  will  be  effected,  and  a  series  of  exquisite  coloars  iriU  I 
T'npcar  on  the  steel  plate.  These  coloars  are  films  of  peroxide  of  lead  throm 
.own  on  the  surface  of  the  steel,  and  the  varied  tints  are  occasioned  bv  the 
varying  thicknesses  of  the  prcc'pitated  film,  the  light  being  reflected  throagk 
them  from  the  polished  metallic  surface  below.  By  reflected  light  everr 
prismatic  colour  is  seen ;  and  by  transmitted  light  a  series  of  prismatic 
f^olours  complementar}'  to  the  first  series  appears,  occupying  the  place  of  the 
former  series. 

The  colours  are  seen  in  the  greatest  perfection  by  placing  the  plate  before 
a  window,  and  inclining  a  white  sheet  of  paper  at  an  angle  of  45°  over  it 

(127)  siectrolysis  of  Salts. — From  an  elaborate  series  of  ex- 
periments by  the  late  Professor  Daniell  on  the  sulphates  of  potash, 
soda  and  ammonia,  nitrate  of  potash,  &c.,  it  appears — 

*  That  in  the  electrolysis  of  a  solution  of  a  neutral  salt  in  water,  a  current 
which  is  just  sufficient  to  separate  single  equivalents  of  oxygen  and  hydrogen 
from  a  mixture  of  sulphuric  acid  and  water,  will  separate  single  equivalents 
of  oxygen  and  hydrogen  from  the  saline  solution,  while  single  equivalents 
of  acid  and  alkali  will  make  their  appearance  at  the  same  time  at  the  respec- 
tive electrodes.' 

And  further  experiments  showed,  that  when  dilute  sulphuric  acid 
was  used,  there  was  a  transfer  of  acid  towards  the  zincode  (anode), 
the  quantity  scarcely  ever  exceeding  the  proportion  of  one-fourth 
of  an  equivalent  as  compared  with  the  hydrogen  evolved.  Mr. 
Daniell  thought  this  might  possibly  be  owing  to  the  acid  being 
mechanically  carried  back  to  the  platinode  (cathode),  as  in  all 
cases  there  is  a  mechanical  convection  of  the  liquid  from  the 
positive  to  the  negative  pole  (128),  and  this  is  greater  in  pro- 
portion to  the  inferiority  of  its  conducting  power.  If,  however, 
this  deficiency  of  acid  were  owing  to  the  mechanical  re-trawfeft 
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mecliamcal  means,  such  as  increasiiig  the  number  of  diaphragms, 

^rroiild  stop  it;  the  proportion,  however,  was,  even  under  these 

(drcumstances,  still  maintained.     No  difference    was^   observed, 

"whether  the  oxygen  was  allowed  to  escape  from  a  platinum  anode, 

or  -whether  it  was  absorbed  by  copper  or  zinc,  the  metals,  of  course, 

"being  dissolved  in  proportions  equivalent  to  the  hydrogen  developed 

at  the  cathode ;  solutions  of  potash,  bar3rta,  and  strontia,  similarly 

treated,  exhibited  a  transfer  of  about  one-fourth  of  an  equivalent 

towards  the  cathode.    When  fused  chloride  of  lead  was  included 

in  the  circuit  in  the  place  of  the  voltameter,  the  cathode  being  a 

platinum  wire  and  the  anode  a  piece  of  plumbago,  results  were 

obtained  which  showed  that — 

'  The  same  current  which  isj  ost  sufficient  to  resolve  an  equivalent  of  chloride 
of  lead  (which  is  a  eimple  electrolyte  unaffected  by  any  associated  composi- 
tion) into  its  equivalent  iona  produces  the  apparent  phenomenon  of  a  resolu- 
tion of  water  into  its  elements,  and  at  the  same  time  of  an  equivalent  of 
sulphate  of  soda  into  its  proximate  principles.' 

JSlectrdysis  of  Chi&rides. — A  weighed  plate  of  pure  tin  was 
made  the  anode  in  a  double  cell  of  peculiar  construction,  which 
was  charged  with  a  strong  solution  of  chloride  of  sodium,  and  n 
tube  of  fused  chloride  of  lead  was  included  in  the  circuit.  Not  a 
bubble  of  gas  appeared  on  the  tin  electrode,  and  no  smell  of  chlo- 
rine was  perceptible ;  but  the  hydrogen  in  equivalent  proportion  to 
the  quantity  of  tin  dissolved  was  given  off  at  the  cathode,  and  the 
cell  contained  an  equivalent  proportion  of  free  soda ;  one  equivalent 
of  lead  was  reduced  in  the  voltameter  tube.  Chloride  of  ammo- 
nium treated  in  the  same  way  gave  precisely  similar  results,  prov- 
ing it  to  be  an  electrolyte  whose  simple  anion  was  chlorine,  and 
whose  compound  cathion  whs  nitrogen  with  four  equivalents  of 
hydrogen  (NH^,  ammonium). 

Electrdysis  of  Sulphate  of  Copper. — The  following  experiment 
was  made  by  Professor  Daniell : — 

A  small  bell  glass,  with  an  aperture  at  the  top,  had  its  mouth  closed  by 
tying  apiece  of  membrane  over  it.  It  was  half  filled  with  a  dilute  solution 
of  caustic  potash ,  and  suspended  in  a  glass  vessel  containing  a  strong  solu- 
tion of  neutral  sulphate  of  copper,  below  the  surface  of  which  it  isj  ust  dipped.  A 
platinum  electrode  connected  with  the  last  zinc  rod  of  a  large  constant  battery 
(Fig.  137,  p.  183)  of  twenty  cells  was  placed  in  the  salution  of  potash  ;  and 
another  connected  with  the  copper  of  the  first  cell  was  placed  in  the  sulphate 
of  copper  immediately  under  the  diaphragm  which  separated  the  two  solu- 
tions. The  circuit  conducted  very  readily,  and  the  action  was  very  energetic. 
Hydrogen  was  given  off  at  the  cathode j  and  oxygen  at  the  anode j  in  the 
snlphate  of  copper  ;  a  small  quantity  of  gas  was  also  seen  to  rise  from  the 
surface  of  the  diaphragm.  In  about  ten  minutes  the  lower  surface  of  the 
mraobrane  was  found  beautifully  coated  with  metallic  copper,  interspersed 
irith  black  oxide  of  copper  and  light  blue  hydra  ted  oxide. 


236  VOLTAIC   KLKCIBICITT. 

The  oiplanation  of  theee  phenomena  is  thie : — 
In  the  expFrimentnl  cell  we  hava  two  electrolvtea,  Mpaiatcd  b;  t  •■■- 
limne,  thmi^h  both  at  which  the  curmt  moat. pass  to  complstc  Uk  mall. 
The  salphnte  oT  copper  (CuSO,)  li  naolTed  into  iti  oomponiid  amiot  (90,), 
anil  its  simple  cu(Aioii(Cu)!  the  Utter  In  itspuaaga  ti>thec«thodal»lii;|i*l 
■C  the  Hurface  of  the  Keond  clectT0l3'tf,  which  may  he  ref[arded  u  niB 
impiovnj  in  conductinK  powsr  h^  potaah.  The  irietHl  here  flndi  DOthiDE  I7 
oombinin^  with  which  it  can  complete  iu  conrae,  but,  being  fttread  to  rti(^ 
Tieldi  up  iu  charge  to  the  hydrogen  (^  the  Mooad  elsctrolyte,  which  pi 
on  to  the  cafJmdt,  and  is  evolvtd.  The  correapaDdint;  exygea  atopi  ill 
the  diaphragm,  giving  up  ita  chsrge  to  the  mim  nf -the  solpbale  oS  co^B' 
The  cnpper  and  exygen,  (hoe  meeting  at  the  intennrdiate  point,  putlf  MB 
into  combinaliou,  and  form  the  black  oxide  ;  but  from  the  rapidity  at  tbt 
action,  there  is  not  time  for  the  whole  to  romhino,  and  a  portion 
cupper  remaina  in  the  metiUic  atale,  and  a  portion  of  the  gaaetma  < 
e^aped.  The  precipitation  of  blue  hjdrated  oxide  dotibtleae  aro«e  fmn 
a  mixiag  of  a  amall  portion  of  the  two  aolutiona. 

Nitrate  o/mleer,  nitrate  of  lead,protomlphatt  tfwvn,  tulpiaWf 
palladium,  and  pratonitrate  of  mercury  were  aunilarly  treated,  ul 
afforded  antdagouB  results,  somewhat  modified  hj  the  juA 
the  metallic  baae. 

Electroli/iii  of  Biiidtt. — A  strong  solution  of  pure  crjatalliMJ 
bisulpbate  of  potash  was  made,  and  its  neutroliEiiig  power  careMj 
aacerl^ed  by  tlie  alkalimeter.  Eraporation  and  i^uitioii  wiU 
carbonate  of  ammonia  gay  e  tite  quantity  of  neutral  aulpb  ate  jieldad 
by  a  certiun  measure  af  the  solution.  An  equal  measure  wu 
tlien  placed  in  each  arm  of  the  double  diaphragm  i;ell  (Fig.  169), 
an  apparatus  which  Daniell  found  very  useful  in  his  eiperimenti 
on  the  electrolysis  of  secondary  compounds. 


A  and  B  are  two  halves  of  a  stout  gloss  cylinder,  accoratel;  greund  sou 
to  Ht  into  two  haif-iylindeiB,  whicli,  when  H^justed,  cover  it  entirely.  The 
two  rims  of  the  ring  ate  each  cut  down  to  the  shoulder,  to  admit  of  a  thin  pias 
of  bladder  being  tied  over  them  to  form  a  kind  of  drum.  At  E  la  a  small 
hole  to  admit  of  the  cavity  being  filled  with  a  liquid,    d  and  ■  an>  two 
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bout  bent  tubes  fitted  to  the  two  half-cylinders,  for  collecting  the  gaset 
volved  in  the  experiments  ;  g  and  h  are  two  circular  platinum  electrodes, 
lonnected  with  the  battery  by  the  wires  %  and  /.  The  apparatus,  when 
i^usted,  forms-three  compartments,  each  of  which  may  be  filled  with  the 
wme  or  a  different  liquid,  and  the  whole  supported  on  a  wooden  Arame. 

The  voltaic  current  was  passed  through  till  708  cubic  inches  (or 
the  quantily  yielded  hy  9  grains  of  water)  of  mixed  gases  were 
eoUected;  haJf  the  solutions  from  the  <mode  and  cathode  were 
tjbon  separately  neutralised,  and  half  evaporated  and  ignited  in  the 
TapouT  of  carbonate  of  anunonia.    It  was  then  found  that  the 
anode  had  gained  18  grains,  and  the  cathode  had  lost  19  grains  of 
acid;  of  potash,  the  anode  had  lost  9*9  grains,  and  the  cathode  had 
gained    an    equal    quantity.      Thus,    though  the  solution  con- 
ducted very  well,  not  more  than  imerjifth  of  an  equivalent  of 
potash  was  transferred  to  the  cathode,  as  compared  with  the 
hydrogen  evolved ;  while  half  an  equivalent  of  acid  was  transferred 
to  the  aruode,  a  whciU  equivalent  of  oxygen  was  evolved.    On  this 
experiment  Mr.  Daniell  remarks : — 

*  I  think  we  cannot  hesitate  to  admit  that  in  this  case  the  current  divided 
itself  between  two  electrolytes :  that  a  part  was  conducted  by  neutral  sulphate 
of  potash,  and  a  larger  part  by  the  sulphuric  acid  and  water.  It  is  a  well- 
known  fact  that  the  voltaic  current  will  divide  itself  between  two  or  more 
meUtX&c  conductors  in  inverse  proportion  to  the  resistance  which  each  may 
offer  to  its  course ;  and  that  it  does  not  in  such  cases  choose  alon^  the  part  of 
UomA  resistance.  Analogy  would  lead  one  to  expect  a  similar  division  of  a 
cunrent  between  two  electrolytes  ;  but  I  am  not  aware  whether  such  a  divi- 
sion has  ever  before  been  pointed  out' 

These  considerations  enable  us  to  explain  the  apparent  anomalies 
in  the  electrolysis  of  dilute  sulphuric  acid  and  alkaline  solutions. 
The  results  are  explained  by  supposing  that  the  solution  is  a 
mixture  of  two  electrolytes.  With  sulphuric  acid  the  component 
toiM  are  H  and  SO4  (ndphionide  of  hydrogen) ;  with  water  they 
are  H  and  0.  The  current  so  divides  itself  that  three  equivalents 
of  water  are  decomposed,  and  one  equivalent  of  sidpbionide  of 
hydrogen.  Analogous  changes  occur  with  the  alkaline  solutions, 
the  alkaline  metal  passing  as  usual  to  the  cathode. 

In  the  electrolytic  decomposition  of  saline  solutions,  the  oxygen 
and  hydrogen  gases  evolved  are  secondary  products.  In  Faraday's 
experiment  with  sulphate  of  magnesia  (116),  for  example,  the 
electrolyte  was  stUphionide  of  magnesium  (MgSO^),  the  simple 
cathion  magnesium  (Mg)  being  liberated  at  the  cathode^  and  the 
compound  anion  sulphion  (SOj  at  the  anode ;  but  sulphiou  does 
not  exist  in  a  separate  form ;  it  therefore  takes  hydrogen  from 
water,  and  ioxmaaulphiomde  ofhydrogeny  oxygen  gas  being  evolved 
at  the  anode.    The  magneeium,  in  like  manner,  decomposes  water, 
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takin«jr  oxygen,  with  which  it  forms  magnegiaf  which  is  pradpitated, 
Hi:d  hvdiMgt'ii  gns  escapes  at  the  cathode. 

\\  luMi  mnwtbamc  salts  are  electrolyaed,  the  a/dd  and  1mm  in 
li)H.*rated  in  single  equivalents ;  but  when  polybasic  salts  are  mb- 
inittt'd  to  analysis,  for  each  atom  of  fused  cUoride  of  lead  which 
is  clectrolysod  in  the  voltameter,  two  atoms  of  hase  appear  at  tin 
cathode ;  but  when  basic  salts  are  decomposed,  two  atoms  of  mono- 
\)aAc  acid  are  liberated  at  the  anode  for  every  atom  of  cUorids  of 
It'ad  reduced  in  the  voltameter,  whilst  all  the  atoms  of  base  wtidk 
wert>  ]ireviou8ly  in  combination  with  the  acid  are  liberated  at  the 
cathode. 

When  tribasic  acetate  of  lead  was  electrolysed,  the  electrodei 
))eliig  plates  of  lead.  Miller  (Elements  of  Chemistry,  voL  L  p.  486) 
obtained  two  atoms  of  oxide  of  lead,  and  somewhat  less  than  one 
atom  of  metallic  lead,  at  the  cathode,  for  every  two  atoms  of  acetic 
ai'id  which  appeared  at  the  anode,  and  the  explanation  he  gives  U 
f.iis  :— 

*  The  oxiile  of  lead  ia  attacliKl  to  the  normal  acetate  in  a  manner  analogoos 
ti>  viVkWi  (if  cn'9tallisation,  and  the  normal  acetate  is  the  true  electrolvtef 
whiUt  the  oxide  is  lett  ui>on  the  electrode  in  an  insoluble  form  as  soon  u 
the  acid  which  kept  it  in  s(dution  is  removed,' 

(128)  Blectrloal  SBdosmose. — Motion  of  Fluids  from  the 
1\  aifire  to  the  Negative  Electrode, — This  phenomenon,  which  was 
lirst  observed  by  Porrett,  has  been  confirmed  by  IVIiller,  Wiede- 
luanii,  (Quincke,  and  Crosse.     The  apparatus  employed  by  "Wiede- 
inanii  y  Sill ittuvCs  Journal ,  Xov.  1852)  consisted  of  a  porous  earthen- 
wave  coll,  closed  at  the  bottom,  and  terminated  above  by  a  glass 
Ih'U,  lirmly  cemented  to  the  upper  edge  of  the  cylinder.     Into  the 
luluilure  of  the  bell  a  vertical  glass  tube  was  fitted,  from  which  a 
horizontal  tube  proceeded  so  as  to  permit  the  fluid  raised  to  flow 
oviT  into  an  appropriately  placed  vessel;  a  wire,  serving  as  the 
ncjrative  oUvti-ode  of  the  battery,  passed  down  through  the  glass 
licll  into  the  interior  of  the  porous  cylinder,  where  it  terminated  in 
:i  \Ai\w  of  platinum.     Outside  the  porous  cylinder  another  plate  of 
platinum  was  placed,  and  connected  with  the  positive  electrode. 
The  N\  lu^lc  stood  in  a  larjre  glass  vessel,  which,  as  well  as  the 
initM'ior  pin'ous  cylinder,  was  filled  with  water.     The  intensity  of 
the  current  was  measured  by  the  galvanometer.     As  soon  as  the 
i-ircnit  was  closed,  the  liquid  rose  in  the  porous  cylinder,  and  flowed 
om  from  I  lie  horizontal  tube  into  a  weighed  vessel.     Wiedemann's 
ii«sulis.  which  have  been  confirmed  by  Quincke,  were — 

\ .   V\w  ijunnt  ity  of  fluid  which  flows  out  in  equal  times  is  directly  propor- 
li.'iul  M  iho  stionj?th  of  the  current. 


THEBMAL   EFFECTS.  239 

9.  Under  otherwise  equal  conditions,  the  quantities  of  fluid  flowing  out  are 
Udependent  of  the  magnitude  of  the  conducting  porous  surface. 

3.  The  height  to  which  a  galvanic  current  causes  a  fluid  to  rise  is  directly 
ftoportiunal  to  the  extent  of  tbe  porous  surface. 

4.  The  force  with  which  an  electric  tension  present  upon  both  sides  of  a 
Itetion  of  any  given  fluid  urges  the  fluid  from  the  positive  to  the  negative 
dde  is  equivalent  to  a  hydrostatic  pressure  which  is  directly  proportional  to 
that  tension. 

The  greater  the  resistance  which  the  liquid  offers  to  electrolysis 
the  greater  is  the  amount  which  is  thus  mechanically  carried  oyer ; 
thus  Grosse  found  that,  when  the  pipe-clay  which  he  employed  in 
liis  experiments  was  mixed  with  dilute  sulphuric  acid  instead  of 
distilled  water,  no  water  was  raised  upwards  towards  the  negative 
electrode. 


CHAPTER  XI. 
VOLTAIC  ELECfTRICITY  (continued). 

IHEBUAL  AND  LUMIirOirS  EFFECTS  OF  THE  VOLTAIC  PILE. 

Heat  and  Light  of  the  Voltaic  Disruptive  Discharge — Electric  Lamps — 
The  Voltaic  Arc — ^The  Intensity  of  its  Light  and  Heat — ^Luminous  Dis- 
charge of  Voltaic  Batteries  in  Carbonic  Add  Vacua — Investigations  'of 
Gassiot. 

(129)  Tbermal  Sffeots. — When  a  voltaic  current  passes 
along  a  metallic  conductor,  heat  is  developed  ;  and  if  the  current 
is  greater  than  the  metal  is  able  to  convey,  it  is  fused  and  even 
dissipated  in  vapour.  The  heating  power  of  an  extensive  voltaic 
battery  is  enormous ;  the  most  refractory  substances  succumb  to  it ; 
platinum,  iridium,  and  titanium,  which  withstand  the  heat  of  the 
most  powerful  furnace,  are  readily  fused. 

The  colour  of  the  light  which  attends  the  voltaic  disruptive 
discharge  varies  with  the  substances  between  which  the  discharge 
passes.  If  thin  metallic  leaves  be  employed,  they  are  deflagrated 
with  considerable  brilliancy.  The  beautiful  effects  are  not,  how- 
ever, caused  by  the  combustion  of  the  metals,  though  in  many 
cases  increased  by  this  cause,  but  arise  from  a  dispersion  of  their 
particles  analogous  to  that  of  the  more  momentary  explosion  of 
the  Leyden  battery.  Gold  emits  a  white  light  tinged  with  blue ; 
tUver  a  beautiful  emerald  green  light ;  copper  a  bluish  white  light, 
with  red  sparks ;  lead  a  purple ;  zinc  a  brilliant  white  light,  tinged 
with  red.  The  experiments  may  be  perfonned  by  fixing  a  plate  of 
polished  tinned  iron  to  one  wire  of  the  batter}',  and  taking  up  a 
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leaf  of  the  metal  on  the  point  of  the  other  wire,  and  hriiigiiighm 
roiit;ict  ^ith  the  tin  plate.  Even  under  distilled  water,  the  &- 
ni|itive  discharge  of  the  voltaic  hatteij  takes  place  in  a  stnuiiof 
brilliant  li^ht. 

To  show  the  power  of  the  Toltaiic  current  to  heat  metalBfi 
wire,  alx^ut  eighteen  inches  of  the  wire  may  be  rolled  into  a  spnl 
and  placed  in  the  interior  of  a  glass  tube  (Fig.  170),  its  ends  lidDg 
attached  to  screws  so  as  to  be  readily  connected  with  the  tenmntl 
wire.4  of  the  battery ;  by  this  means  a  high  temperature  may  In 
communicated  to  the  glass  tube,  though  the  wire  may  not  lie 
i<;nited,  and  by  immerdug  it  in  a  small  quantity  of  water,  thit 
iluid  may  be  speedily  raised  to  the  boiling  point.  When  a  win 
is  heated  by  the  voltaic  current,  the  temperature  frequently  mu 
iiri*t  or  most  at  one  end ;  but  it  was  shown  by  Faraday  that  thk 
depends  on  adventitious  circumstances,  and  is  not  due  to  any  reli- 
tion  of  positive  or  negative  as  respects  the  current. 


Fig.  170. 


Fig.  171. 


The  thermal  effect  of  a  voltaic  current  on  a  metallic  wire 
depends  on  its  conductibility ;  thus  the  current  which  will  fuse 
a  wire  of  iron  or  platinum  may  not  even  render  incandescent  a 
wire  of  the  same  length  of  copper  or  silver.  This  is  illustrated 
by  disposing  a  chain  formed  of  alternate  links  of  silver  and  plati- 
num between  the  poles  of  a  battery  (Fig.  171) ;  the  platinum  links 
will  become  red  hot  during  the  passage  of  the  current,  while  the 
alternate  silver  links  will  remain  dark.  The  discharge  which 
passes  freely  along  the  silver  meets  with  sufficient  resistance  in  the 
platinum  to  produce  ignition.  The  conducting  power  of  a  metal 
is  considerably  diminished  by  heating  it ;  thus  a  wire  that  is  heated 
to  redness  through  its  entire  length  by  a  voltaic  current  may  be 
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>y  dipping  a  portion  of  it  in  cold  water,  the  effect  of  cooling 

to  increase  the  conducting  power  of  the  wire,  which  is  in 

uivalent  to  shortening  the  length  through  which  the  current 

The  me  of  the  wire  heated  by  a  battery  depends  on  the 

of  the  sur£Bu;e  of  the  electromotive  elements,  the  length  on 

unber  of  the  series,  the  quantity  of  electricity  remaining  the 

Faraday  found  that  the  same  quantity  of  water  was  de- 

ised  by  a  battery  whether  half  an  inch  or  eight  inches  of  red- 

^ire  were  included  in  the  circuit,  and  he  observes  that  a 

ire  may  even  be  used  as  a  rough  but  ready  regulator  of  a 

c  current;  for,  if  it  be  made  part  of  the  circuit,  and  the 

wires  conmiunicating  with  it  be  shifted  nearer  to,  or  further 

,  80  as  to  keep  the  portion  of  the  wire  in  the  circuit  sensibly 

>  same  temperature,  the  current  passing  through  it  will  be 

r  uniform. 

lere  is  a  striking  difference  between  the  heat  generated  in  a 
inm  wire  by  a  voltaic  current  according  as  tiie  wire  is  im- 
d  in  atmospheric  air  or  in  other  gases.  Mr.  Grove  caused 
ime  current  to  pass  through  two  platinum  wires  of  the  same 
h,  one  being  enclosed  in  a  tube  filled  with  oxygen,  and  the 
in  a  similar  tube  filled  with  hydrogen,  and  each  immersed 
eparate  vessel  containing  three  ounces  of  water ;  the  wire  in 
cygen  tube  became  white  hot,  and  in  five  minutes  the  tem- 
ore  of  the  water  rose  from  60°  to  81° ;  the  wire  in  the  hydro- 
iibe  was  not  visibly  ignited,  and  in  five  minutes  the  tempera- 
Df  the  water  rose  from  60®  to  70°  only.  Similar  experiments 
made  with  other  gases,  but  none  came  near  to  hydrogen  in 
loling  effect  on  the  wire.  The  amount  of  gas  obtained  in  a 
neter  included  in  the  circuit  was  in  some  inverse  ratio  to  the 
ieveloped  in  the  wire  ;  thus,  when  the  wire  was  surrounded 
hydrogen,  77  cubic  inches  of  gases  were  collected,  but  when 
s  surrounded  with  oxygen,  6*5  cubic  inches  only,  and  when 
unded  with  nitrogen,  6*4  cubic  inches.  This  remarkable  pro- 
of hydrogen  arises  from  its  fluency,  in  consequence  of  which 
arts  a  cooling  effect  on  the  wire,  thereby  increasing  its  con- 
Qg  power,  and  so  causing  it  to  evolve  less  heat  during  the 
nission  of  the  current  than  a  similar  wire  surrounded  by  a 
ich  as  oxygen,  which  has  not  the  same  degree  of  fluency. 
Hiile  operating  with  a  powerful  battery  of  160  cells,  Mr. 
ot  made  the  observation  that  the  wire  connected  with  the 
ve  pole  becomes  much  hotter  than  that  connected  with  the 
ive.  When  the  two  wires  were  crossed,  and  their  ends 
1  in  two  similar  jars  containing  distilled  water,  in  about  two 
»8  the  water  in  the  positive  cell  boiled,  that  in  the  other 

B 


242  YOI.TAIC  ELECTJUCITT. 

presentiiig  no  such  appearance,  "^th  this  liatteiy  laige  htn  of 
platinum  were  readUj  fused,  and  rhodium,  iridium,  aiid  titazmm 
melted  in  considerable  quantities. 

(130)  Anmlnons  Sffeots. — When  two  pencils  of  well-bant 
box-wood  charcoal,  or,  still  better,  that  dense  plumbago-like  sub- 
stance found  lining  the  interbr  of  long^used  coal  retorts,  an 
attached  to  the  terminal  wires  of  a  powerful  Toltaic  battsrj, 
brought  into  contact,  and  then  aseparated,  a  spark  or  flame  of 
surpassing  brilliancy  is  produced  of  an  arched  form,  arisiiig 
from  the  ascensional  force  of  the  heated  air.  This  arc  cannot 
be  obtained  between  the  charcoal  points  until  after  thej  haTe 
been  brought  into  contact,  and  are  heated  round  the  points  of 
contact.  Mr.  Gassiot  failed  in  obtaining  the  slightest  BpaA 
before  contact  with  a  battery  of  320  cells.  A  single  fold  of  a 
silk  handkerchief,  or  even  a  piece  of  dry  tissue  paper,  was  sufficient 
to  insulate  the  power  of  the  battery,  though,  after  the  circuit  had 
once  been  completed,  it  fused  titanium,  and  heated  to  rednen 
sixteen  feet  four  inches  of  No.  20  platinum  wire. 

The  dazzling  light  of  the  voltaic  arc  arises  from  the  transfer  of 
intensely  heated  particles  of  carbon  from  the  positive  to  the  nega- 
tive electrode,  and  it  is  especially  sensible  m  vacuo.  A.  cavity  is 
observed  to  be  formed  in  the  point  of  the  positive  charcoal,  pre- 
senting the  appearance  of  a  hollow  cone,  into  which  the  solid  cone 
on  the  negative  terminal  might  penetrate  almost  exactly.  This 
is  especially  observed  when  the  disruptive  discharge  takes  place 
in  vacuo,  no  oxygen  being  then  present  to  bum  portions  of  the 
carbon  during  the  transfer. 

It  is  this  more  rapid  consumption  of  the  positive  than  the  negsr 
tive  carbon  which  has  hitherto  been  one  of  the  chief  difficulties  in 
the  application  of  the  electric  light  to  practical  illuminations. 
Numerous  self-acting  regulators  for  the  maintenance  of  a  constant 
current  through  ihe  carbon  electrodes  have  been  invented.  Tl»t 
of  L.  J.  Duboscq,  which  was  exhibited  at  the  International  Exhi- 
bition of  1862,  is  found  to  answer  excellently  for  experiments,  or 
for  the  lecture  room ;  but  it  is  not  suited  to  lighthouses,  or  for 
public  lamps,  because,  if  extingn^ished  by  any  accident,  it  is  not 
spontaneously  relighted. 

The  two  carbon  electrodes  are  fixed  one  over  the  other  on  frames  connected 
by  racks  and  gearing,  so  that,  when  the  upper  electrode  descends,  the  lower 
one  rises.  The  wheel  work  is  so  arranged  that  the  relative  motion  of  these 
two  electrodes  shall  be  such  as  to  compensate  for  the  unequal  consumptioii 
of  the  positive  and  negative  carbon  electrodes. 

The  light  is  maintained  in  a  constant  position  by  this  arrangement,  which 
would  not  be  the  case  if  only  one  electrode  were  movable  and  the  other 
fixed,  or  if  the  two  moved  through  equal  distances ;  a  barrel  spring  is  em- 
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ploypd  to  drive  the  clockwork  which  movn  the  electrode*.  Tlie  rliickwork 
is  stopped,  by  a  detent,  which  gears  with  an  pscftpement  whcrL.  The  iletOTIt 
ii  connected  with  the  armaCare  of  on  electro niignet.  uirl  ■Llnnn  onr  or 
mure  teeth  of  the  eecapement  wheel  to  pass  whenever  the  curn^nt  is  beluw 
■  certain  utTength.  Thiu  step  by  step  the  carbon  poiati  aie  allowed  to 
approach. 

la  order  to  light  this  lamp,  one  of  the  carbonclectrodeamunt  be  brought 
in  contact  with  the  other  by  hand,  and  then  renmved  to  a  certain  distance  ; 
»iia  can  be  done  without  interfering  with  the  train  of  wheeli.  The  di^tanre 
from  each  other  at  which  the  electrode*  remain,  or  rather  (he  rtrcnglli  of 
nuTcntat  which  the  eacapement  wheel  is  freed,  can  be  regulated  bynlterlac 
the  distaiQce  between  the  eleciro-macnet  and  its  armature,  and  thns  altetinf; 
the  attraction  between  them  for  a  giren  current. 

(131)  Beetrlc  Ktunps.  Ihiboicq'i  Lamp. — A.  moJitioatioD  of 
this  lamp  is  represented  in  Fig  lyz,  arranged  to  tliron  the  imnge 
of  the  carbon  tenmnala,  during  ignition,  by  means  of  a  lens,  on  a 
ecreeti.  It  shows  in  n  beautiful  manner  the  f^radunl  wearing  away 
of  the  pOHitiTe  and  the  increase  of  the  negative  electrode.  The 
Huatl  globules  or  specks  observed  oo  the  charcoal  ai-ise  from  the 
fuaiou  of  the  minutB  quantitiea  of  silica  contained  in  the  coal. 
FIJ.  ija. 


When  the  voltaic  circuit  is  established,  the  negatiee  carlion  first 
becomes  luminous,  but  the  light  from  tho  positive  is  aflemards 
much  the  more  intense  ;  and  as  this  is  the  terminal  which  wears 
away,  it  should  be  somewhat  thicker  tlian  the  other. 

Holmee'g  Lamp. — The  construction  of  this  lamp,  which  the  in- 
ventor uses  in  connection  with  his  magneto-electric  mechina,  ia 
yeiy  simple,  but  It  produces  a  very  regular  and  constant  \i^^A,  6Ti- 
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tirely  free  from  flashes.    It  is  thus  described  in  the  Jurcri  Bifori 
of  Electrical  Irutrumenta  (Iiitematioiial  Exhibitioii,  1862):— 

*  Two  cordB  are  wound  in  opposite  directions  round  two  portfona  of  ooeduft 
of  unequal  diameters.    The  cord  firom  the  larger  portion  of  the  axis  ii  kd 
down  under  a  pulley  on  the  Arame,  which  carries  the  upper  electrode,  tnd 
then  up  to  a  lever,  the  functi<Hi0  of  which  will  be  described  presently.   The 
bight  of  the  cord  under  the  pulley  supports  the  upper  electrode  with  its 
frame.    Similarly  the  cord  from  the  smaller  part  of  the  axis  is  led  down 
under  a  pulley  on  the  frame  carrying  the  lower  electrode,  and  then  up  to  t 
pin  which  can  be  turned  round  by  hand,  so  as  slightly  to  lengthen  or  shorten 
the  cord.    The  bight  of  the  second  cord  supports  the  lower  frame  and 
electrode.    The  upper  frame  would,  if  unchecked,  fall  down,  unrolling  its 
cord  from  the  larger  portion  of  the  shaft,  and  consequently  raising  the  lows 
frame  and  electrode.    The  rise  of  one  and  the  fall  of  the  other  take  place  in 
the  prc>portion  of  the  diameter  of  the  two  parts  of  the  axis.    This  movement 
is  checked  by  a  detent  gearing  into  a  star  escapement  wheeL    The  armatnie 
of  an  electro-magnet  frees  this  wheel  when  the  current  falls  below  a  given 
strength,  depending  on  the  adjustment  of  an  antagonistic  spring  attached  to 
the  armature ;  a  continuous  feed  is  thus  produced  exactly  similar  to  thtt 
obtained  from  Duboscq's  lamp,    llie  pin  already  mentioned,  by  shortening 
or  lengthening  the  cord  of  the  lower  electrode,  allows  its  height  to  be  a^jiuted 
with  ease  and  accuracy,  so  as  to  bring  the  light  into  the  exact  centre  of  t 
reflector  or  lens  if  necessary. 

'  The  lever  to  which  the  one  end  of  the  cord  (^  the  upper  electrode  is 
secured  is  so  centred  that  by  slight  rocking  it  lifts  or  lowers  the  one  end  of 
the  cord,  and  consequently  the  whole  frame  or  electrode.  This  motion  ii 
confined  within  small  limits  by  stops.  A  weight  on  the  other  end  of  the 
rocking  lever  nearly  balances  the  weight  of  the  upper  frame ;  and  an 
armature  attached  to  this  weight  hangs  immediately  over  a  second  dectro- 
magnet.  When  no  current  circulates  through  the  lamp,  the  weight  of  the 
frame  and  electrodes  overbalances  the  counterpoise,  the  armature  is  lifted 
from  the  second  electro-magnet,  and  the  end  of  the  lever  carrying  the  cord 
falls,  lowering  the  upper  electrode  ;  but,  when  the  current  is  passing,  the 
armature  of  this  electro-magnet  is  attracted,  and,  with  the  aid  of  the  counte^ 
poise,  pulls  down  one  end  of  the  rocking  lever,  lifting  the  cord  and  con- 
sequently the  upper  electrode.  The  first  electro-magnet  then  works  the 
detent  regulating  the  continuous  feed.  If  the  current  fail  for  an  instant— if, 
for  instance,  the  light  be  blown  out — the  armatui'e  of  the  second  magnet 
flics  up,  the  upper  electrode  falls  into  contact  with  the  lower,  re-establishes 
the  current,  and  again  is  drawn  up  to  ths  original  distance,  so  that  the  lamp 
is  re-lighted.* 

Other  forms  of  electric  lamp  have  been  contrived  by  Jaspar, 
Gressler,  Murray  and  Heath,  and  others,  for  descriptions  of  which 
we  must  refer  to  the  Juror^  Report  above  alluded  to.  The  cost, 
however,  of  the  electric  power,  the  intensity  of  the  light,  and  the 
difficulty  of  producing  uniform  illumination,  have  until  lately  been 
insurmountable  barriers  to  the  application  of  the  electric  light  to 
the  purpose  of  general  illumination. 
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Dy  using  600  cells  of  Bunsen's  carbon  battery,  Despretz  obtained 
Ei  voltaic  arc  7*8  inches  in  length. 

(i  32)  Zntenslty  of  the  &iffbt  of  the  Voltaic  Arc, — ^This  has 
been  examined  by  Oasselmann  (Pogg,  Ann.,  bdii.  576).  The  in- 
tensity of  the  light  was  measured  by  a  Bunsen^s  photometer,  and 
the  strength  of  the  current  by  a  tangent  galvanometer,  and  ex- 
pressed by  chemical  units. 


■ 

Distance  between 
charcoal  points 

Strength  of 
current 

Intensity  of 
Ught 

Crude  charcoal    .    .    . 

Charcoal  saturated  with 

nitrate  of  potassium  . 
Chnrcoa]  saturated  with 

ciiustic  potash  .  .  . 
Charcoal  saturated  with 

chloride  of  zinc  .  .  . 
Charcoal  saturated  with 

borax  and  sulphuric  acid 

Millimetres 
S           O'S 

(           O'S 

)         80 

j                  I'O 

(            5*o 
1            i*S 
(            S'O 

9S 
.     68 

120 

88 

101 

82 

80 

67 
72 

64 

932 

139 

3S3 
274 

ISO 

75 
624 

159 
1171 

163 

The  advantage  gained  by  saturating  the  carbon  terminals  with 
saline  solutions  consisted  in  obtaining  a  more  voluminous  and  a 
steadier  light  than  could  be  obtained  from  the  crude  charcoal,  tin^red 
however  with  colours  corresponding  to  the  solutions  employed. 
The  numbers  in  the  table  demonstrate  a  diminution,  both  in  the 
stretigth  of  the  current  and  in  the  intensity  of  the  light,  in  propor- 
tion as  the  distance  between  the  terminals  is  increased.  According 
to  the  experiments  of  Fizeau  and  Foucault,  the  intensity  of  the 
voltaic  arc  produced  by  46  pairs  of  Bunsen's  nitric  acid  battery  is 
34  times  as  great  as  that  of  the  oxy-hydrogen  light.  They  obtained 
from  80  elements  in  series,  very  liUle  greater  intensity  than  from 
46  elements ;  but,  when  the  plates  were  so  arranged  a»  to  form 
fewer  elements  of  larger  size,  a  great  increase  in  the  intensity  was 
obtained.  According  to  Bunsen,  the  intensity  of  the  light  between 
carbon  electrodes  a  quarter  of  an  inch  apart,  from  48  couples  of  his 
battery,  is  equal  to  that  of  572  candles. 

(133)  Znflnence  of  Maffnetlsin  on  the  Voltaic  Arc— It  was 
first  observed  by  Davy  that  a  powerful  magnet  acts  on  the  vpl- 
taic  arc  as  upon  a  movable  conductor  traversed  by  the  electric 
current.  It  attracts  and  repels  it,  and  this  attraction  and  repul- 
sion manifests  itself  by  a  change  in  the  form  of  the  arc,  which 
may  even  become  broken  by  too  great  an  attraction  or  repulsion. 
Fig'    ^7Z  represents  the  voltaic  flame  between  two  cylinders  of 
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plumhigOy  and  Fig.  174  the  curved  form  which  it  aasnmes  under 
the  influence  of  a  magnetic  pole. 

V  «„  De  la  Rive  fimnd  thai  tibe  oe 

oonla  only  be  formed   oetweai  xm 
magnetised  izon  electrodes  wbeQ  Umt 
were  brought  very  dose,  and  then  ii 
the  form  of  noisy  sparks,  as  if  tiie 
transported  particles  of  iron  disen- 
gaged themselvee  with  difficulty  from 
the  positive  electrode.    When  a  pli- 
tinum  plate  was  placed  npon  one  d 
the  poles  of  a  powerfnl  electro-magnet, 
and  made  the    negadve  electrode^* 
point  of  platinum   placed  yertiadhr 
aUtve  it  being  made  the  positive  electrode,  a  sharp  hissing  soond  urn 
heard ;  this  was  not  the  case  when  the  electrode  were  reversed,  bat  then 
the  luminous  arc  no  longer  maintained  a  vertical  direction,  bnt  was  pro- 
jected outwards  towards  the  edge  of  the  plate ;  it  was  incessantly  broken, 
and  sounds  similar  to  the  discharge  of  a  Leyden  jar  were  prodaoed.   Wben 
two  copper  points  were  made  the  electrodes  while  under  the  influence  of  a 
powerful  electro-magnet,  and  the  battery  power  intense,  the  sound  prodaoed 
was  so  loud  as  to  bear  a  resemblance  to  distant  discharges  of  musketrr. 

The  magnet  appears  to  cause  these  effects  by  producing  a  change  in  the 
molecular  constitution  of  the  matter  of  the  electrode,  or  rather  of  the  hiighly 
diffused  matter  which  forms  the  voltaic  arc. 

(134)  Belinda  produced  In  Metallic  lirires  by  tbe  Vaaiaffe 
of  a  Voltaic  Cnrrent  tbrourb  or  round  them. — ^Bars  of  iron, 
tiny  zinc,  bismuth,  and  even  of  lead,  eimt  distinct  sounds  when 
traversed  by  a  current  from  five  to  ten  pairs  of  the  nitric  add 
battery,  whilst  resting  on  the  poles  of  an  electro-magnet ;.  copptr^ 
piatinumy  and  siher  bars  do  the  same^  and  mercury ,  and  even  dilute 
sulphuric  acid  and  a  solution  of  common  salt  enclosed  in  tubes  of 
glass,  emit  sounds  under  similar  circumstances. 

For  experiments  on  the  sounds  produced  in  metallic  wires  by 
the  passage  of  a  voltaic  current  through  or  roimd  them^  a  sounding- 
board  may  be  employed,  on  which  the  wires  or  rods  are  kept  in  a 
state  of  tension  by  a  weight;  the  electric  current  may  be  sent 
through  the  wire,  or  through  helices  of  copper  wire  surrounding 
but  not  touching  them.  The  current  must  not  be  continuous^  but 
broken  at  regular  intervals.  The  sound  of  a  well-annealed  iron 
wire,  which  far  surpasses  that  emitted  by  any  other  metal,  is  very 
strong,  resembling  the  sound  of  church  bells  in  the  distance. 
De  la  Kive  suggested  that  it  might  perhaps  be  advantageously 
employed  in  the  electric  telegraph. 

The  vibratory  motion  which  results  from  the  magnetisation  and 
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Hg.  175' 


demagnetiBalion  of  soft  iron  by  the  electric  eunent  is  shown  hy 
the  fbUowing  experiment : — 

In  the  intearfdr  of  a  bobbin,  or  a  bottle  mnoaiided  with  a  wiro  rolled  into 
ahelix,  are  placed  some  veiy  small  discs  or  filings  of  iron ;  when  a  broken 
emrent  ia  caused  to  traverse  the  wire  of  the  heliz,  the  dises  or  fiUngs  are 
seen  to  be  agitated,  and  to  nvotve  loond  each  other  in  the  most  remarkable 
manner,  the  iSllngs  having  the  appearance  of  being  in  ebnUition.  If  the 
current  be  intense,  thej  dart  in  the  fcnn  of  jets  like  so  many  foontains.  The 
motion  of  the  filings  is  attended  with  a  noise  similar  to  that  of  a  liquid  when 
it  isboilhig'. 

To  ezhihit  the  heating  power  .of  the  voltaic  arc,  a  small  cavity 
should  te  bored  in  the  positive  gas-coke  electrode, 
which  serves  as  a  cmcible  (fig.  175) ;  into  this 
the  metsl  to  be  operated  upon  is  placed ;  and  the 
eunent  is  transmitted  from  a  battery  of  twenty 
or  thirly  cells  of  the  nitric  acid  batteiy.  The 
metals  are  not  only  fused,  but  are  actually  con- 
verted into  vapour  and  disappear* 

(135)  Avmliunu  Bla^luuve  ofimtaic  Bmt- 
tcrles  In  Cwlioiiic  Aeld  Vaeiuur-The  best 
vacamn  procuiable  by  the  aii^pump  is  still  im- 
perfect, and  even  in  the  Torricellian  vacuum 
matter  is  present  in  the  form  of  highly  attenuated  mercurial  vapour. 
Mr.  Gassiot,  desiring  to  study  the  effects  of  electric  discharj^e 
through  the  most  perfect  medium  that  could  be  procured,  availed 
himself  {Phil,  Trans,,  vol.  cxlix.  p.  147)  of  the  powerful  aifinity  of 
caustic  potash  for  carbonic  acid,  and  with  the  assistance  of  Pro- 
fessor Frankland  prepared  tubes  whicb  could  be  filled  with  pure 
carbonic  acid  gas ;  then  exhausted  by  means  of  an  air-pump ;  and 
finally  the  small  portion  of  carbonic  acid  still  remaining  absorbed 
by  sticks  of  caustic  potash.  Several  such  tubes  were  pro\'ided. 
'Diey  were  generally  about  6  inches  long  and  i  inch  in  diameter  ; 


Fig.  176. 
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some  were  furnished  with  gas-coke  electrodes  m  the  form  of 
balls  ^  inch  in  diameter,  attached  to  hermetically  sealed  platinum 
wires",  protected  by  glass  tubing  as  far  as  the  balls,  placed  about 
3  inches  apart,  others  with  copper  and  platinum  electrodes ;  others 
were  also  constructed  in  which  the  narrow  part  of  the  tube  con- 
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taining  the  caustic  potash  was  sealed  off.    On  conneetiiig  tlietB^ 
minals  of  a  water  battery  of  352oelementB  (l02)  with  the  electioda 

Fig.  177. 


/^"t 


X 
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In  any  of  these  tubes,  stratified  discharges  were  obtained,  which 
appeared  to  be  continuous,  but  which  entirely  ceased  when  the 
potash  was  heated.    In  one  of  these  tubes  the  luminous  dischaige 


Fig.  Z78. 
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assumed  the  appearance -shown  in  fig.  179.  With  a  battery  of 
512  series  of  Daniell's  elements  (zinc  and  copper  insulated),  the 
negative  ball  was  surrounded  with  a  brilliant  glow,  without  an? 


Fig.  179. 


Fig.  180. 


stratification,  as  shown  in  Fig.  180;  the  luminosity  round  the 
positive  coke  being  feeble  with  a  battery  of  400  series  of  Grove's 
elements.  The  discharge  through  a  vacuum  tube  24  inches  long  and 
1 8  inches  in  circumference,  one  of  the  electrodes  being  a  copper 
curved  disc  4  inches  in  diameter,  and  the  other  a  brass  wire, 
passed  with  a  display  of  magnificent  strata  of  the  most  dazzling 
brightness. 

*  On  the  copper  plate  there  was  a  white  layer,  then  a  dark  space  about  one 
inch  broad  ;  then  a  bluish  atmosphere,  curved  like  the  plate,  evidently  three 
negative  envelopes  on  a  great  scale.  When  the  plate  was  positive  the  effect 
was  comparatively  feeble.* 

Through  a  vacuum  tube  6  inches  long  and  i  inch  in  diameter, 
with  the  tube  containing  caustic  potash  attached,  and  carbon  ball 
electrodes,  intense  heat  was  produced,  the  discharge  presenting  a 
stream  of  light  of  intolerable  brightness,  in  which,  when  viewed 
through  a  plate  of  green  glass,  strata  could  be  observed.  This 
soon  changed  to  a  sphere  of  light  on  the  positive  ball,  which  became 
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red  hot,  the  negatiye  being  surrounded  by  magnificent  envelopes. 
On  applying  a  hoTseshoe  magnet,  the  positive  light  was  drawn  out 


Fig.  z8z. 


into  strata,  the  needle  of  a  galvanometer  in  the  circuit  was  violently 
deflected,  and  its  polarity  reversed,  settling  at  a  deflection  of  45°. 

Fig.  182. 


On  heating  the  potassa,  the  discharge  again  burst  into  a  sunlight 
flame ;  and  as  the  heat  was  still  further  increased,  four  or  five  cloud- 
like and  remarkably  clear  strata  came  out  from  the  positive  ball ; 


Fig.  Z83. 
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and  these  were  quickly  followed  by  a  sudden  discharge  of  the  most 
dazzling  brightness,  which  remained  for  several  seconds.  The  strati- 
fications were  conical  in  shape,  as  depicted  in  Fig.  1 84.     The  needle 

Fig.  184. 


1 
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of  the  galvanometer  was  suddenly  and  violently  deflected.  At  the 
instant  that  this  stratified  discharge  took  place,  there  was  intense 
chemical  action  in  the  battery,  denoted  by  the  evolution  of  nitrous 
fumes. 

"With  a  tube  with  brass  electrodes,  the  discharge  did  not  appear 
until  the  caustic  potassa  was  heated,  when  the  most  dazzling  strata 
were  observed.  *  I  had  to  use  a  dark-green  glass  to  examine  the 
strata,*  says  Dr.  Robinson.  *  As  I  was  observing,  the  last  strata 
rolled  leisurely  away,  like  a  glohe  of  light,  from  the  otheta  to  iX\^ 
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neprative  glow,  in  which  it  appeared  to  diasolTe.  Ab  the  potiM 
cooled,  the  strata  shrunk  up  and  diesolyed  at  the  podtiTe  wiie,ii 
did  the  glow ;  and  when  the  dark  n^gatiye  reached  the  pcnnt^iU 
luminosity  ceased.' 

( 1 36)  BlsrupttTe  IMseiiarire  before  Qgntaet, — ^In  the  eonne 
(if  these  experiments,  it  waa  ascertained  by  Mr.  Gassiot  tint  1 
disruptive  or  i^ark  discharge  could  he  obtBined  in  air  from  tlie 
nitric  arid  battery  as  well  as  from  the  water  battery,  and  that 
when  these  discharges  were  passed  through  tfaa  highly-attemitttod 
matter  contained  in  carbonic  add  vacua,  the  same  luminous  ani 
stratified  appearance  was  produced  as  by  an  induction  coil — a  proof 
that  whatever  may  be  the  cause  of  the  phenomenon,  it  could  not 
arise  from  any  peculiar  action  of  that  apparatus.     When  the  oelb 
of  the  battery  are  not  insulated,  no  luminous  diachaige  can  ht 
obtained  until  the  circuit  has  been  completed,  and  the  termisah 
then  separated.      Upon  this  the  arc  appears,   the    length  tod 
brilliancy  of  which  depend  on  the  number  of  elements  of  tbo 
batt(>ry.    With  400  carefully  insulated  celU,  Mr.  Gassiot  obtiuned 
spark  discharge  before  the  circuit  was  oompldted,  tke  spark  changing 
to  an  arc  of  great  brilliancy  by  a  momentary  completion  of  tbe 
circuit.    With  the  water  battery  of  3, 5 20  elements,  not  the  sligfateot 
appearance  of  an  arc  discharge  could  be  obtained,  but  a  contrnuoos 
stream  of  spark  discharges  took  place  between  the  terminals,  until 
the  water  in  the  cells  had  nearly  evaporated. 

When  the  discharge  from  the  nitric  acid  battery  between  carbon 
electrodes  in  the  carbonic  acid  vacuum  tubes  was  disruptive,  the 
needle  of  the  galvanometer  was  only  slightly  affeeted)  and  no 
chemical  action  could  be  observed  in  the  battery ;  but  the  instant 
that  arc  discharge  took  place,  there  was  violent  deflection  of  the 
galvanometer,  and  strong  indications  of  chemical  action  in  the  cells 
of  the  battery.  Arc  discharge  could  always  be  produced  by  heatr 
ing  the  caustic  potassa.  This  appeared  to  fadlitate  the  discharge, 
and  to  assist  in  the  disintegration  of  the  carbon  particles.  It  is 
these  carbon  particles  which  produce  the  arc  discharge  and  the 
brilliant  light. 

It  is  Mr.  Gassiot's  opinion  that  the  stratified  discharge  arises 
from  the  impulses  of  a  force  acting  on  highly-attenuated  but  re- 
sisting media ;  and  he  concludes  that  the  ordinary  discharge  of  the 
voltaic  battery  under  every  condition  is  not  continuous,  but  intei^ 
mittent,  and  that  it  consists  of  a  series  of  pulsations  or  vibrations, 
of  greater  or  less  velocity,  according  to  the  resistance  in  the  chemical 
or  metallic  elements  of  the  battery,  or  the  conducting  media  through 
which  the  discharge  passes.  {Proceedings  of  the  Royal  Societyy 
vol.  X.  p.  404.) 
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U37)  Vorther  ZiiTesttgrations  of  Ckisstot. — The  stratified 
appearance  produced  in  carbonic  acid  vacua  by  an  extended  series 
<^  the  water  battery,  and  the  efiects  obtained  by  varying  the  re- 
sistance, have  been  further  investigated  by  Mr.  Gassiot  (Proc. 
Hat/al  iSoc.,  Dec.  11,  1862).  When  the  discharge  is  taken  be- 
tween two  small  balls  of  coke,  i^  inch  apart,  in  a  carbonic  acid 
▼acuum  tube,  2^  inches  long  and  i  inch  in  diameter,  luminous 
glows  are  observed  on  both  balls ;  that  on  the  negative  being  larger 
and  more  brilliant  at  intervab,  as  flash  discharges  take  place,  but 
in  the  dark  discharge  between  the  balls  no  striae  can  be  seen. 
"When,  however,  a  resbtance  of  about  3  inches  of  water  is  intro- 
duced in  the  circuit,  the  discharge  assumes  a  narrow  stratified  ap- 
pearance ;  it  is  now  intermittent,  being  separated  when  examined 
by  the  revolving  mirror  into  a  series  of  discharges.  By  varying 
the  resistance,  the  character  of  the  discharges  could  be  varied,  and 
rendered  either  stratified  and  intermittent,  or  bright  and  con- 
tinuous. 

The  discharge  from  the  entire  battery  of  3,360  cells  charged 
with  salt  and  water,  between  two  aluminium  balls,  three-eighths  of 
an  inch  in  diameter  and  3*  inches  apart,  in  a  vacuum  tube  about 
5  inches  long,  is  of  dazzling  brilliancy,  exhibiting  12  or  14  striae, 
that  nearest  the  negative  ball  being  truncated  and  of  a  pale-green 
colour. 

When  a  resistance  of  36  inches  of  water  is  interposed  in  the 
circuit,  a  faint  luminous  discharge  is  observed  at  each  ball ;  as  the 
resistcmce  is  lessened,  the  two  luminous  discharges  appear  to 
t-^vel  towards  or  attract  each  other.  When  the  resistance  is  dimi- 
nished to  33  inches,  a  nn^^le  clearly-defined  luminous  disc  bursts 
from  the  positive,  and  remains  steady  and  apparently  fixed. 

Fig.  185. 


The  refflstance  being  diminished  to  23  inches  of  water,  the  lumi- 
nous discharge  at  the  positive  slowly  progresses  along  the  tube 
until  a  second  bright  disc  appears  and  remains  stationary.  The  re- 
sistance being  diminished  to  20  inches  of  water,  a  third  disc  is 
developed ;  18  inches  of  water  resistance  brings  out  9u  fourth  disc ; 
14  inches  9^  fifth  \  1 1  inches  a  iiocth  \  7  inches  a  iexiefnth^  the  nega- 
tive glow  increasing  in  brilliancy,  and  having  a  flattened  appear- 
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ance  ;  with  3  inches  of  water  resistance  an  eighth  disc  is  oUunei 
When  the  resistance  is  still  further  leesened,  three  or  four  mon 
<jiscj«  come  out  in  quick  succeesion;  the  whole  discharge  beeoBM 

Fig.  tM. 


uni*tomlv,  M\^  t^®  luminous  discs  are  no  longer  fixed;  some  of 
tho!»o  nMuarkable  phenomena  are  illustrated  in  Fig.  186.  TVhena 
tulns   >  inches  long  and  i  inch  in  diameter,  provided  with  Terr 
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tLin  platinnTn  electrodes^  fiye-eightha  of  an  inch  apart,  was  em- 
ploy!^, 910  dUcharge  pasfied  till  ^e  potash  which  it  contained  was 
heated,  when  a  faint  luminosity  appeared,  and  immediately  after- 
wards one  and  then  two  doudlike  strise  came  from  the  positive 
wire,  while  round  the  negative  a  largre  hrilliant  ^low  was  produced ; 
as  the  dischai^e  con1inued|  the  negative  wire  hecame  red  hot. 

In  this  experiment  a  proof  is  ohtained  that  the  discharge  will 
not  pass  in  a  very  perfect  vacuum,  the  presence  of  a  certain 
amount  of  matter  being  indispensahle,  and  then  heat  is  developed. 
The  form  of  the  strisB,  and  the  positions  they  occupy  in  the 
vacuum  tuhe,  appear  to  depend^  1st,  on  the  power  or  energy  of  the 
hatterj ;  2ndly,  on  the  state  of  tension  of  the  highly-attenuated 
matter  through  which  the  discharge  is  vitdhle.  The  strise  can  be 
controlled,  their  nmnber  increased  or  reduced,  and  their  places  and 
positions  in  the  tubes  altered,  by  the  introduction  of  a  measurable 
amount  of  reeistance  in  the  circuit ;  and  thus  they  appear  to  indi- 
cate the  amount  of  force  of  tension  which  exists  in  a  dotied  circuit  of 
the  battery,  as  the  divergence  of  the  gold  leaves  of  an  electroscope 
denotes  the  evidence  of  tension  before  the  circuit  is  completed. 

*  May  not»'  enquires  Mr.  Gasdoi, '  the  dark  bauds  be  the  rutdea  of  undula- 
tion, arifling  firom  impulses  proceeding  from  podtive  and  negative  dischorgeM, 
amdogons  with  the  stationary  nndolations  which  exist  in  a  column  of  air 
when  isochronous  progressive  undulations  meet  each  other  from  opposite 
directions,  and  on  tiie  surface  of  water  by  mechanical  impulses  similarly 
interfering  with  each  other?  or,  can  the  luminous  stratifications  Im?  the 
representations  of  pulsations  which  pass  through  the  battery,  impul:>es  [xts- 
sibly  generated  by  the  action  of  the  discharge  along  the  wires  ?  ' 

(138)  Beat  deTCloped  at  tbe  Poles  of  a  Voltaic  Battery 
dnringr  the  Passagre  of  luminous  Biscliargres  in  Air  and  in 
Vacuo. — The  curious  {acts—Jirstj  that  when  the  arc  dischar«:e 
takes  place  between  two  wires  attached  to  the  terminal  plates  of 
an  extended  series  of  the  voltaic  battery,  the  positive  electrode 
becomes  red  hot,  and  ultimately  fuses,  whilst  the  nejrativo  elec- 
trode remains  comparatively  cool ;  and,  sec&iidhj,  that  wlien  the 
discharge  from  an  induction  coil  is  taken  in  air  or  in  vacuo,  it  is 
the  negative  terminal  that  is  most  heated,  were  discovered  by 
Gassiot,  the  former  in  1838  and  the  latter  in  1858. 

In  a  paper  commimicated  to  the  Royal  Society  (June  12,  1861), 
he  investigates  these  phenomena  more  closely.  When  a  vacuum 
tube,  3  inches  long  and  i  inch  in  diameter,  provided  with  carbon 
ball  electrodes,  one-eighth  of  an  inch  in  diameter,  and  i  incli  apart, 
is  introduced  into  the  circuit  of  400  cells  of  the  nitric  acid  battery, 
each  cell  being  separately  insulated,  the  discharge  at  first  always 
assumes  the  form  Bhown  in  Fig.  180 ;  the  negative  caiboB  \)Vi\x\«;  ^\3l1- 
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r^ur.il'.'ii  with  a  luminouB  glow,  which  giBdually  increases  in  ria 
until  the  ball  becomes  red  hot.  When  ti^e  carbon  ball  electrodfii 
arc  ff  plained  by  balls  of  aluminium,  the  neffothe  metal  soon  drop 
!>!!'  in  a  molten  state,  the  podtite  ball  retaining  its  original  mfttalEc 
lu.>tro. 

In  two  of  the  \'acuum  tubes  hollow  brass  balls  were  substituted 
for  tliost'  ot*  carbon.  Tne  negative  ball  soon  became  heated  by  tiie 
discha !>:»'•  On  a  sudden,  a  flash  of  light  was  visible  in  the  vacaom, 
and  the  irlass  became  instantly  coated  with  metal.  On  ATftrniTiing 
tlio  tiil>o,  it  was  found  that  one-half  of  the  negative  ball  was 
>e|>arattHl  from  the  rest  and  partly  fused  :  the  intense  heat  had 
vaiMTisLHi  the  silver  with  which  the  two  hemispheres  forming  the 
Kill  had  Ix'on  soldered,  and  it  was  this  vaporised  metal  that  was 
depi.'t>itod  on  the  sides  of  the  tube. 

On  relating  this  experiment  the  negative  ball  became,  as  before, 
rod  hot ;  suddenly  a  brilliant  stratified  discharge  took  place,  con- 
tiiuiinir  tor  three  or  four  seconds ;  the  negative  ball  instantlT 
losin*r  its  luminosity,  and  the  potdtive  becoming  red  hot,  and 
reiuaininjr  so  for  two  or  three  seconds  after  the  circuit  of  the 
Kitterv  had  been  broken.  At  the  moment  that  the  stratified  did- 
chnrpre  took  place  the  evolution  of  nitrous  fumes  denoted  intense 
action  in  the  batterv. 

It  appears,  then,  that  as  long  as  the  intermittent  discharge  con- 
tinues, resistance  takes  place  at  the  negative  terminal,  and  that 
this  is  the  cause  of  its  being  the  more  strongly  heated  ;  as  soon, 
however,  as  the  action  of  the  battery  becomes  sufiiciently  energetic, 
arc  or  continuous  discharge  takes  place,  and  then  the  positive  ter- 
minal becomes  the  more  heated. 

The  conclusion  drawn  by  Mr.  Gassiot,  from  these  and  many  other 
similar  experiments,  is,  *  that  the  devdopmeni  of  heat  either  at  the 
jh^sifive  or  the  negative  pole  of  the  voltaic  battery  is  entirely  due  to  the     • 
amount  of  resistance  which  takes  place  in  that  paH  of  the  battery 
circuit* 

(139)  Znterraption  of  tbe  Voltaic  Blscbargre  in  Vacuo  ttj 
Maflrnetic  Force. — The  following  beautiful  and  striking  results 
wei*e  obtained  by  Mr.  Gassiot  with  400  cells  of  the  nitric  acid 
battery  (Proc.  Royal  Soc,  vol.  x.  p.  269)  : — 

A  large  tubular  vessel,  24  inches  long  and  6  inches  in  diameter  at  its 
widest  ])art,  was  filled  with  carbonic  acid  and  exhausted,  the  last  portions  of 
gas  being  absorbed  by  caustic  potash  ;  through  each  end  of  the  vessel  plati- 
num wires  pass  ;  to  one  was  attached  (inside  the  vessel)  a  concave  copper 
plate  4  inches  in  diameter,  and  to  the  other  a  brass  wire.  This  receiver 
was  connected  with  the  battery,  and  placed  between  the  poles  of  a  powerful 
electro-magnet,  the  lines  of  force  going  through  it.  The  stratified  discharge 
was  extinguished  the  moment  the  electro-magnet  was  thrown  into  action. 
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SolMeqnently,  throogh  the  sinking  of  the  battery,  or  some  other  cause,  the 
rfantifications  disappeared,  and  the  tube  was  filled  with  a  Inminous  glow.  On 
iK»ir  exdidng  the  magnet  with  a  battery  of  10  cells,  effulgent  strata  were 
dsa'wn  out  from  the  positive  pole,  passing  along  the  upper  or  under  surface 
of  the  receiver,  according  to  the  direction  of  the  current.  On  making  the 
efarcuit  of  the  magnet,  and  breaking  it  immediately,  the  luminous  strata 
rushed  from  the  positinre  and  then  retreated^  cloud  following  cloud  with  a 
deliberate  motion,  and  appearing  as  if  swallowed  up  by  the  positive  elec- 
trode. 

The  amount  of  electricity  which  passed  appeared  materially  increased  on 
eKCitiiig  the  magnet ;  once  the  discharge  was  so  intense  as  to  fuse  half  an 
indi  of  the  positive  terminal.  After  this  had  occurred,  the  discharge  no 
longer  passed  as  before  when  the  terminals  of  the  battery  were  connected 
with  it ;  but  on  connecting  the  positive  end  of  the  battery  with  the  gas-pipes 
of  the  building,  the  discharge  passed.  The  discharge  could  also  be  extin- 
guished by  the  magnet ;  and  the  time  necessary  to  accomplish  this  furnished 
ft  beantifiil  indication  of  the  gradual  rise  and  risduction  in  the  power  of  the 
eleotio>magnet. 

Somewhat  similar  results  were-  obtained  with  the  water  battery, 
the  discharge  from  3,520  cells  being  either  entirely  destroyed  or 
interrupted  by  the  power  of  the  electro-magnet. 


CHAPTER  Xn. 
VOLTAIC  ELECTRICITY   {continued). 

HAGinBHC  EFFECTS  OF  THE  VOLTAIC  CURRENT- 

Galvanometers— General  Principles — The  Astatic  Needle  Galvanometer — 
Graduation — The  Tangent — Sine — Differential — Beflecting  and  Marine 
Galvanometers. 

(140)  Tbe  OalTanometer. — ^The  influence  of  magnetism  on 
the  yoltaic  arc  has  heen  already  alluded  to.  Tbe  consideration  of 
the  mutual  relation^  of  the  magnetic  and  electrical  forces  belongs 
to  another  division  of  our  subject.  We  refer  to  them  here  in  an- 
ticipation, for  the  purpose  of  describing  some  important  instru- 
ments much  used  for  determining  the  intensity  of  hydro-electric 
currents.  These  instruments  are  called  galvanometers  or  galvano- 
wvltiplierSj  and  are  founded  on  the  important  discovery  of  Oersted, 
made  in  the  year  18 19. 

The  fundamental  fact  observed  by  this  philosopher  was,  that. 
when  a  magnetic  needle  is  brought  near  the  conducting  medium 
of  a  closed  voltaic  circle,  it  is  immediately  deflected  from  its  normal 
position  and  made  to  take  up  a  new  one,  depending  on  the  relative 
positions  of  the  needle  and  wire. 
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If  the  connecting  medium  be  placed  horixontaUy  over  the  needle,  thitpde 
of  the  latter  which  is  nearest  to  the  megoHveead  of  the  bfttteiy  always  norci 
westward ;  if  it  be  placed  under  the  needle,  the  same  pole  moives  aosfiMrdL 

If  the  connecting  wire  be  placed  paralld  with  the  needle  that  is,  bnm^t 
into  the  same  horizontal  plane  in  which  the  needle  Is  moTingi--theB  no 
motion  of  the  needle  in  that  plane  takes  place ;  but  a  tendency  is  ezUMted. 
in  it  to  move  in  a  vertical  circle,  the  pole  nearest  the  tM^^otiBr  aide  of  ths 
batter}'  being  depressed  when  the  wire  is  to  the  weet  of  it,  and  elefitod 
when  it  is  placed  on  the  eaetem  side. 

If  the  battery  current  be  sent  above  and  below  the  needle  at  the  sams 
time,  bat  in  opposite  directions,  the  deflection  is  more  powerful,  toot  thi 
current  traversing  the  wire  above  the  needle  conspires,  equally  with  the  cuncBt 
passing  along  the  wire  below,  to  deflect  the  needle  from  its  natural  poritiaD, 
and  to  bring  it  into  a  new  one  nearer  at  right  angles  to  the  plane  of  the  wiic 

If,  instead  of  passing  once  over  and  once  under  the  needle^  theeondaetiog 
wire  be  caused  to  make  a  great  number  of  convolutiona,  the  deflecting  power 
of  the  current  will  be  proportionately  increased,  and  an  instniment  will  be 

Fig.  187. 
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obtained  by  which  very  feeble  currents  may  be  readily  detected.  This 
then  is  the  principle  of  the  galvanometer,  the  simplest  form  of  which  is 
shown  in  Fig.  187,  but  to  which,  to  adapt  it  to  the  detection  of  very 
minute  currents,  various  forms  have  been  given ;  in  all,  the  c6nvolation8 
of  the  wire  are  multiplied,  and  the  lateral  transfer  of  the  electricity  pre- 
vented by  coating  it  with  sealing  wax. 

The  sensibility  of  the  galvanometer  is  much  increased  by  neu- 
tralising the  magnetic  influence  of  the  earthy  by  employing  two 
needles.  The  neutralising  needle  is  attached  to  the  principal  one, 
placing  them  one  above  another^  and  parallel  to  each  otiier,  but 
with  their  poles  in  opposite  directions ;  they  are  fixed  by  being 
passed  through  a  straw  suspended  from  a  thread.  The  distance 
between  the  needles  is  such  as  to  allow  the  upper  coil  of  the  wires 
to  pass  between  them,  an  opening  being  purposely  left,  by  the 
separation  of  the  wires  at  the  middle  of  that  coil,  to  allow  the 
middle  of  the  straw  to  pass  freely  through  it.  A  graduated  circle, 
on  which  the  deviation  of  the  needle  is  measured,  is  placed  over 
the  wire  on  the  upper  surface  of  the  instrument,  having  an  ape^ 
ture  in  its  centre  for  the  free  passage  of  the  needle  and  straw. 
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Professor  Tyndall  (Seat  Canmdered  ai  a  Mode  of  Motion,  p.  20) 
ivoa  the  following  direelioiia  for  the  prapttration  of  a  pair  of  these 

*  Magnetise  both  of  tbem  to  Mtnratiso  ;  then  aiupend  them  in  a  ressel  or 
iMlar  a  shade,  to  protect  them  from  air-currents.  The  system  will  probablf 
at  la  the  magnetic  meridian,  one  needle  b»ng  almoit  in  all  cases  Btranger 
.ban  the  other.  Weaken  the  stronger  needle  carefUly,  by  the  touch  of  ■ 
tacond  smallei  magnet.  Wlien  the  needles  are  precisely  equal  in  stiengtli, 
■Juiy  vill  set  at  right  nnglci  to  thi  magTielic  ma-idUiii. 

'  It  might  he  supposed  that  when  the  needles  are  equal  in  stren^h,  the 
directive  farce  of  the  eartii  vould  be  completely  annulled,  that  the  double 
needle  would  be  perfectly  oMlatic  and  peiftetlj  neotial  as  regards  direction. 
obeying  timplj  the  tordon  of  its  suspended  fibre.  This  would  be  the  case 
if  the  ma^aatdc  axes  of  both  needles  could  be  caused  to  lie  with  mathematical 
accuracy  ia  tbe  same  vertical  plane.  Id  practice,  thiais  next  to  impossible ; 
the  axes  always  oross  each  other.' 

The  astatic  needle  ^vanoiueter  ia  shown  lit  Fig.  1 88     The 
bobbin  is  aumiunded  with  soote  two 
or    three    thousand    tuma  of   yery  p,„  ,aj 

flue  tind  well-insulAted  copper  wire. 
The  needles  are  suspended  b;  a  sin- 
gle fibre  of  bleached  and  baked  mlk. 
-When  tlie  instTument  is  not  in  um, 
the  upper  needle  rests  on  a  graduated 
card,  from  which  it  ia  lused  when 
about  to  be  put  in  action  hj  a  sim- 
ple mechanical  contrivanceat  thetop 
of  the  glasB  shade.  Tbe  axis  joining 
the  two  needles  must  be  brought 
exactly  in  tbe  centre  of  the  card, 
which  is  easily  effected  by  means  of 
adjustiiig  screws.  The  upper  needle 
is  brought  exactly  to  zero  of  the 
■cole  by  timing  tbe  card  by  meansof  a  button  underneath  the  base 
of  the  instrument  A  good  t^alTAUometer  should  not  make  more 
than  two  osciUationfl  a  minute,  and  ehould  return  exactly  to  zero. 
It  is,  however,  very  difBcuIt  to  realise  this.  The  astatic  needle  is 
very  senffltive  to  the  slightest  magnetic  action,  and  copper  wire 
almost  invariably  contains  traces  of  iroa  Tyndall  states  that  in 
an  instrument  constructed  for  him  by  Sauemald,  of  Berlin,  that 
needle  was  deflacttd  30°  from  the  zero  line  when  no  current  was 
flowing  through  the  instrument.  On  replacing  the  wire  by  Eng- 
hsh  copper,  the  deflection  fell  to  3° ;  and  this  deflection  was  traced 
to  the  green  silk  with  which  the  wire  was  covered,  in  the  dyeing 
of  which  some  iron  compound  had  been  used.     When  this  was 
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removed  and  replaced  by  white  silk,  a  perfect  gpalyanometer 
tke  result. 

la  his  electro-physiological  researches,  M.  du  Bois  Reymond 
employed  a  galvanometer  with  from  25,000  to  30,000  coils;  but  to 
fit  it  for  these  delicate  investigations,  it  was  necessary  to  apply  a 
correction  for  the  iron  contained  in  the  copper  wire.  This  was 
done  by  placing  in  the  interior  of  the  coil  a  small  magnetised  fiag- 
ment  one-twenty-iifbh  of  an  inch  in  length ;  this  compensated  the 
disturbing  action  as  long  as  the  needles  were  near  zero,  but  the 
action  was  null  as  soon  as  they  moved  through  a  few  degrees. 

(141)  MellQBt's  Metbod  of  OradiiatlBr  »  OAlvaiiometer.— 
(Translated  from  La  Thermochrose,  and  quoted  by  Tyndall  in 
p.  362  of  his  work  on  Heat  Considered  as  a  Mode  »f  Motion) : — 

*  Two  small  vessels,  v  v  (Fig.  189),  are  half  filled  with  mercniy,  and  ood- 

nected  separately  by  two  short  wires  with 
the  extremities,  o  o,  of  the  galvanometer. 
The  vessels  and  wires  thus  disposed, 
make  no  change  in  the  action  of  the 
instrument,  the  thermo-electric  current 
being  freely  transmitted  as  before  from  the 
pile  to  the  galvanometer.  Bnt  if,  by 
means  of  a  wire  f,  a  commonication  be . 
established  between  the  two  vessels,  put 
cithe  current  wiU  pass  through  this  wire 
and  return  to  the  pile.  The  quantity  of 
electricity  circulating  in  the  galvanometer 
will  be  thus  diminished,  and  with  it  the 
deflection  of  the  needle. 

*  Suppose  then  that  by  this  artifice  we 
have  reduced  the  galvanometric  deviation  to  its  fourth  or  fifth  part— in 
other  words,  supposing  that  the  needle,  beii^  at  jo°  or  12°  under  the 
action  of  a  constant  source  of  heat  placed  at  a  fixed  distance  from  the  pile, 
descends  2°  or  3°,  when  a  portion  of  the  current  is  diverted  by  the  ex- 
ternal wire — I  say,  that  by  causing  the  source  to  act  from  various  distances, 
and  observing  in  each  case  the  total  deflection  and  the  reduced  deflection, 
we  have  all  the  data  necessary  to  determine  the  ratio  of  the  deflections 
of  the  needle  to  the  forces  which  produce  these  deflections. 

*  To  render  the  exposition  clearer,  and  to  furnish  at  the  same  time  an 
example  of  the  mode  of  operation,  I  will  take  the  numbers  relating  to  the 
application  of  the  method  to  one  of  my  thermo-multipliers. 

^  The  external  circuit  being  interrupted,  and  the  source  of  heat  being  suffi- 
ciently distant  from  the  pile  to  give  a  deflection  not  exceeding  5°  of  the 
galvanometer,  let  the  wire  be  placed  from  v  to  v ;  the  needle  falls  to  rf. 
The  connection  between  the  two  vessels  being  again  interrupted,  let  the 
source  be  brought  near  enough  to  obtain  successively  the  deflections — 

f;  10°;  15°;  20°;  25°;  30°;  35°;  40°;  45°. 

Interposing  after  each  the  same  wire  between  v  and  v,  we  obtain  the  fid- 
lowing  numbers : — 

1*5°;  3°;  4*5°?  6-3°;  8*4°;  ir2°;  15-3°;  22-4°;  29-7°. 
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Lmaming  the  force  necessary  to  cause  the  needle  to  describe  each  of  the 
int  degrees  of  the  galvanometer  to  be  equal  to  unity,  we  have  the  number  5 
«  the  expression  of  the  force  corresponding  to  the  first  observation.  The 
>ther  forces  are  easily  obtained  by  the  proportions — 

1*5  :  S  =  a  :  X  =  ^a  =  saaaa 

(that  is  to  say,  one  reduced  current  is  to  the  total  current  to  which  it  corre- 
sponds, as  any  other  reduced  current  is  to  its  corresponding  total  current), 
where  a  represents  the  deflection  when  the  exterior  circuit  is  closed. 
We  thus  obtain — 

5, 10, 15-2,  21,  28,  37*3  ; 

for  the  forces  corresponding  to  the  deflections — 

5°,  10°,  15°,  20°,  25°,  30°. 

la  this  instrument,  therefore,  the  forces  are  sensibly  proportional  to  the 
arcs  up  to  nearly  15°.  Beyond  this  the  proportionality  ceases,  and  the 
divergence  augments  as  the  arcs  increase  in  size. 

'  The  forces  belonging  to  the  intermediate  degrees  are  obtained  with  greater 
ease,  either  by  calculations  or  by  graphical  construction,  which  latter  is 
sofficiently  accurate  for  these  determinations. 

'  By  these  means  we  find — 

Degrees    .    .    .    13°,  14°,  15°,  16°,  17°,  i8%  19°,  20°,  21°  ; 
Forces  ....    13, 14*1, 15*2, 16*3,  17*4,  i8*6, 19-8,  21,  22*3  ; 
Differences    .    .    i*i,  i*i,  I'l,  i-i,  1*2, 1*2, 1*2, 1*3. 

Degrees    .    .    .    22°,  23°,  24°,  25°,  26°,  27°  28°,  29°,  30° ; 
Forces  ....    23-5,  24-9,  26-4,  28,  297,  31-5,  33-4,  35-3,  37-3  ; 
Differences   .    .    1*4, 1*5, 1*6, 1*7, 1*8, 1*9,  1*9,  2. 

'  In  this  table  we  do  not  take  into  account  any  of  the  degrees  preceding 
the  13th,  because  the  force  correq>onding  to  each  of  them  possesses  the  same 
value  as  the  defiection. 

'  The  force  corresponding  to  the  first  30°  being  known,  nothing  is  easier 
than  to  determine  the  values  of  the  forces  corresponding  to  35°,  40°,  45°,  and 
upwards. 

*  The  reduced  deflections  of  these  three  arcs  are — 

15-3°,  22-4°,  29-7°. 

Let  ns  consider  them  separately,  commencing  with  the  first.  In  the  first 
place  then  15°,  according  to  our  calculation,  are  equal  to  15*2  ;  we  obtain 
the  value  of  the  decimal  0*3  by  multiplying  this  fraction  by  the  difference 
(1*1)  which  exists  between  the  15th  and  i6th  degrees,  for  we  have  evidently 
the  proportion— 

I  :  1*1  =  o'3  :  jr  =  0*3. 

The  value  of  the  reduced  deflections  corresponding  to  the  35th  degree  will 
not  therefore  be  15*3°,  but  15-2°  +  0*3 = 15*5°.  By  similar  considerations  we 
find  23*5°-|-o*6= 24*1°  instead  of  22*4°,  and  36*7°  instead  of  297°  for  the 
deduced  deflections  of  40°  and  45°. 

*  It  now  only  remains  to  calculate  the  forces  belonging  to  these  three 
deflections,  I5*5°i  24'i°f  and  36*7°,  by  means  of  the  expression  3*333  a ;  this 
gives  ns — 

For  forces  ....    517,  80*3,  122*3  » 
For  the  degrees  .    .    35,    40,     45. 

s2 
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Compsring  them  aumbeca  with  those  of  the  preceding  table,  we  He  ftit     ' 
the  seDHtiveaesi  of  am  galvuionielcr  dimbiUheg  ctniBldentblj  when  wa  u 
ieflectiong  greater  thm  30'  * 

(i42)Tta«TuisentaalTBnomataT. — Thegalnmometarirlikli 

ne  have  just  beeo  deaciibing  is  an  exquisitely  delicate  test  of  tie 
eiiBteQce  and  direction  o£  a  current ;  it  ia  not,  however,  adapted 
for  ita  quolit&liva  measurement  -,  for  this  purpose  tlie  tangent  eom- 
paas  or  galTanometer  (FigB  190  and  191)  is  employed.  It  am- 
sists  of  a  large  circle  or  hoop  of  copper  ribbon  covered  with  alk, 
fixed  vertjcally  upon  a  graduated  circle,  exactly  in  the  centra  of 
which  18  placed — either  hv 
"  ""■  '       by  8  eilk  thread, 

3  a  cap  resting  on  a  pivot 
-a  very  short  but  intensely 
lagnetised  needle,  which  may 
'"       ■     to    be    full? 
under  the  influence  of  the  cur- 
rent, at  whatever  anj^e  it  mtij 
be  placed.  The  hoop  is  placed 
exactly  in  the  magnetic  me- 
ridian, and  when  the  cnrreut 
itted  through  it  the 
needle  deviates,  and  the  forM 
of  the  current  is  proportioosl 
to  the  tangent  of  the  an^  0/ 
the  needt^t  dediruUvm,  wheDce 
the    name   (jiven   to   tie  io- 
strument.     The  needle  ta  pro- 
vided transversely  with  a  ion? 
of  which  the  angle  is  measured.  The 
tangent  of  the  angle 
of  deflection  may  he 
learned  without  calcu- 
lation by  rererence  to 
a    Table    of  Natural 
Tangents.      This   hi- 
st rument    cannot   he 
relied  upon  for  anfru- 
lar  deviations,  which 
much      exceed     70°, 
owing  to  the  rapidlj- 
diminishing     angular 
deviation  produced  Ij 
when  the  deSec- 


equai  increments 
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tkm  lias  readied  tbia  extant  By  introducing  into  the  Mine  circuit 
a  voltameter  and  a  tangent  gAlvaDometer,  it  is  found  that  the 
chemical  action  of  the  ciuient  ia  pmpoiiional  to  ita  nu^etie 
kciion.  The  galvanonietei  a,  therefbre,  a  measnre  of  the  chemical 
u  neU  as  of  tite  magnslic  action  of  a  Toltaic  cumnt. 

(14.3)  ^a  Slna  Oalnuoinater. — This  instiuineDt,  shown  in 
Yig.  193,  constats  of  a.  singls  mRgnetised  needle  surrounded  with  a 


coU  which  is  movable  on  its  axis ;  it  acta  on  the  principle  diat 
Uie  intengity  of  the  earretU  varia  at  the  tine  of  the  angle  of  deflection, 
and  is  applicable  tntber  to  the  determinntioD  of  the  intensit;  of 
strong  currents  than  to  the  detection  of  weak  ones.  The  instru- 
ment is  placed  in  the  magnetic  meridian,  and  when  the  needle  is 
deflected  by  the  current,  the  coil  ia  turned  until  it  again  coincides 
with  the  new  direction  of  the  needle,  the  exact  parallelism  of  the 
needle  and  coil  beinf-  determined  with  the  aid  of  a  lens.  The 
number  of  degreea  which  it  was  necessary  to  turn  the  coil  from 
the  zero  point  to  adjust  it  to  the  new 
position  of  tha  needle  is  rend  otf  on  ^'^-  ">s- 

ibe  graduated  scale  surrounding  the 
coil.    This  is  the  exact  measurement 
of  the  angle  which  the  needle  forma 
with  the  magnetic  meridian,  and  also 
nf  the  intensity  of  the  current,  l>y 
which  the  needle  has  been  deviated ; 
but  this    is   also  equal  to  the  hori- 
lontal  force  of  terrestrial  magnetism, 
in  virtue  of  which  the  needle  tends  ft 
meridian ;  and  this  being  equal  to  the  li 
.  tion,  the  intensity  of  the  current  is  of  course  tJie  same,  anu  us 
value  may  be  determined  by  reference  to  a  table  of  natural  sines. 

For  the  detection  of  currents  of  small  intenrity,  such  as  those 
produced  h^  thermo-electric  action,  neither  of  the  sj^lve-uo meters 
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above  described  ia  adapted,  the  length  and  HduneM  of  the  win 
opposing  too  great  a  degree  of  redatance  to  the  paamge  of  toA 
feeble  cnrrento.  The  wire  for  such  purposes  should  make  tnt 
fem  turns  round  the  needle,  and  should  be  at  least  j^  of  u  inch 
in  thicknuBs ;  or,  as  Fechner  TecommendB,  should  coanst  of  a  sai^ 
strip  of  copper,  and  an  astatic  needle  having  the  freest  poMtUt 
motion  (Fig  193). 

(144)  Tbe  niSarentlBl  OalTmno^Atar. — This  instmment  i) 
used  for  the  detennioation  of  the  relatiTe  foice  of  two  currents.  It 
consists  of  a  galranometer,  with  two  perfecilj  " "■■!"'■  wires  wound 
round  the  eame  frame.  Now  if  two  currents  of  predselj  the  aanie 
potential  be  sent  in  opposit«  directions  through  these  wires,  Us 
needle  will  obviouslj  remain  at  zero ;  but  if  one  current  be  n 
powerful  than  the  other,  the  needle  will  move,  indicating  tha 
stronger  current,  sud  showing  hj  the  amplitude  of  the  deflectiDn 
by  how  much  the  stronger  current  eiceeds  the  weaher. 

(145)  TboBusn's  rafleoUnc  UAlTmnoinetBr. — This  instru- 
ment is  shown  in  Fig.  194.     A  small  magnet  is  fixed  to  the  bsck 


of  a  little  circular  glass  nurror  whicit  weighs  with  the  magnet 
about  i^  grain.  It  is  suspended  by  a  fine  silh  thread,  in  a  &siM 
which  slides  in  a  circular  bobbm  This  bobbin  contains  a  eoil  ol 
short  and  thick  wire  for  thermo-electnc  experiments,  or  of  loi$ 
thin  wire  foi  chemical  currents  The  layers  of  the  coil  are  Tery 
close  to  the  magnet,  consequently  in  the  position  of  greatest  effi- 
ciency. The  coil  has  a  small  cyhndncal  opening  m  the  centHi 
not  longer  than  the  circular  mirror,  in  front  of  which  a  bus  is 


THOMSON'S  MABINE   OALYANOMETEB.  263 

laced.  A  lamp^  placed  on  a  separate  stand  with  a  slide  and  scale, 
brows  the  light  on  the  mirror,  which  reflects  the  rays  hack  through 
he  lens,  and  this  concentrates  them  into  an  image  of  the  flame  on 
he  scale  in  front  of  and  over  the  lamp.  The  reflected  image 
xayerses  to  and  fro  on  the  scale  as  the  magnet  and  mirror  are 
ieflected  to  the  right  and  left.  Owing  to  the  very  small  angular 
ieflection  which  suffices  to  cause  the  spot  to  traverse  the  entire 
icale,  the  deflections  of  this  spot  may  he  taken  as  strictly  pro- 
portional to  the  deflecting  current. 

At  the  top  of  the  hox  which  encloses  the  coil  is  a  perpendicular 
rod,  on  which  at  right  angles  a  magnet,  slides  up  and  down.  By 
DLeans  of  a  tangent  and  screw  arrangement,,  this  magnet  can  he 
moyed  very  slightly  in  a  horizontal- direction.  The  ohject  of  this 
magnet  is  to  counteract  the  influence  of  the  earth's  magnetism  on 
he  suspended  magnet.  By  lowering  or  raising  the  magnet  at  the 
x>p,  a  spot  can  he  found  where  the  influence  of  the  earth's  mag- 
letism  is  neutralised,  and  the  suspended  needle  is  then  in  an 
eistatic  state. 

(146)  TbomsoB's  BCartne  CtalTaDometar. — This  instrument 
allows  galvanometric  measurements  which  can  be  made  on  land  to 
be  repeated  at  sea.  The  small  Magnet  and  mirror  are  strung  on  a 
strong  single  fihre  of  silk,  which  is  stretched  in  a  frame,  and 
secured  at  top  and  hottom.  The  silk  flhre  must  go  accurately 
through  the  centre  of  gravity,  so  that  when  the  :&ame  is  moved 
or  inclined,  the  mirror  produces  no  change  hy  the  action  of  gravi- 
tation, or,  in  other  words,  without  altering  the  relative  positions  of 
the  frame  and  the  image  on  the  scale.  -  The  efieet  of  the  earth's 
tuagnetism  is  equally  neutralised — first,  hy  a  very  stout  soft  iron 
box,  which  contains  the  coil  with  the  magnet  and  mirror ;  and 
secondly,  hy  a  horseshoe  magnet  inside  the  iron  hox,  the  directing 
power  of  which  is  much  stronger  than  that' of  the  earth. 

Gkdvanometric  ohservations  of  all  kinds  can  easily  he  made  with 
this  instrument  in  the  roughest  weather  at'  sea ;  neither  the  con> 
tinual  alteration  of  the  ship's  course,  nor  the  motion. due  to  the 
waves,  has  any  effect  on  the  deflections.  The  instrument  can  he 
made  either  with  differental  coils  or  with  simple  coils,  to  he  used 
in  connection  with  Wheatstone's  halance,  or  it  will  indicate  the 
loss  hy  direct  deflection.  It  may  also  he  used  as  a  receiving  in- 
strument for  messages,  since  the  movements  of  the  spot  of  light 
can  he  as  readily  interpreted  as  those  of  any  single  needle  receiver. 

A  jar  will  not  derange  the  instrument,  and  there  are  no  metal 
hearings  which  can  rust.  Its  practical  value  is  now  well  known, 
and  has  heen  tested  hy  many  years'  experience  in  the  hands  of 
various  electricians. 


./ 
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ELECTRO-MAGNETISM. 


Discovery — Mutual  Actions  of  Magnets  and  MoYable  GoiidactGr9--0f 
Parallel  Currents — Laws  of  Angular  Currents — Solenoids— Theories  of 
Magnetism  —  Faraday's  Investigations — Electro-magnetic  Sotations— 
Electro-magnets — Electro-magnetic  Engines. 

(147)  Oersted's  Blsooverj. — The  grand  fundamental  fact  ob- 
served by  Oersted,  in  18 19,  was,  that  when  a  magnetic  needle  is 
brought  near  the  connecting  medium  (whether  a  metallic  wire,  or 
charcoal,  or  even  saline  fluids)  of  a  closed  Toltaie  circuit,  it  is  im- 
mediately deflected  from  its  position,  and  made  to  take  up  a  new 
one,  depending  on  the  relative  positions  of  the  needle  and  con- 
ductor. 

In  Fig.  195,  let  d  represent  a  copper  wire,  the  bent  ends  of  whidi  dip  into 
two  small  cups  c  c,  surmounting  two  wooden  pillars  a  a,  and  filled  with  mer- 

Fig.  195. 


cury ;  let  e  represent  a  magnetic  needle  finely  balanced  on  a  pointed  wire 
which  can  be  raised  or  depressed,  and  adjusted  either  above  or  below  d  by 
means  of  the  screw  c,  and  let  the  apparatus  be  arranged  with  the  wire 
in  the  line  of  the  magnetic  meridian. 

If  the  connecting  medium  be  placed  horizontally  ovar  the  needle,  that  pole 
of  the  latter  which  is  nearest  to  the  r^gative  end  of  the  battery  moves  wui- 
ward ;  if  it  be  placed  under  the  needle,  the  same  pole  moves  east.  If  the  con- 
necting wire  be  placed  parallel  with  the  needle,  that  is,  brought  into  the  same 
horizontal  plane  in  which  the  needle  is  moving,  then  no  motion  of  the  needle 
in  that  plane  takes  place  ;  but  a  tendency  is  exhibited  in  it  to  move  in  a  ver- 
tical circle,  the  pole  nearest  the  negative  side  of  the  battery  being  depressed 
when  the  wire  is  west  of  it,  and  elevated  when  it  is  placed  at  the  eow^em  sidei 
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In  electro-magnetic  researches  it  is  necessary  to  bear  in  mind 
these  affections  of  the  needle  and  conducting  wire.  The  following 
aid  to  the  memory  is  useful.  Let  a  person  suppose  himself  to  be 
swimming  in  a  river  agaiiist  the  stream,  and  looking  down  upon  it ; 
the  running  stream  being  the  conducting  wire,  the  north  pole 
moves  to  the  left  hand.  If  he  suppose  himself  to  be  swimming 
on  his  back,  and  looking  upwards  on  the  current,  the  nm'th  pole 
passes  to  his  right  hand. 

The  extent  of  the  declination  of  the  needle  depends  entirely  on 
the  quantity  of  electricity  passing  along  the  conductor ;  it  has  no- 
thing to  do  with  its  termon,  which  is  probably  the  reason  that  the 
first  enquirers  failed  in  discovering  the  above  effects,  since  they  all 
worked  with  statical  electricity. 

(148)  iMw  of  Blectro-maffnetlc  Force. — When  the  current 
is  rectilinear,  and  the  length  of  the  conducting  wire  considerable^ 
so  that  in  relation  to  that  of  the  needle  it  may  be  regarded  as 
infinite,  the  intensity  of  the  electro-magnetic  force  was  shown  by 
Biot  and  Savary  to  be  '  tn  the  inverse  ratio  to  tJie  simple  distance  of 
the  magnetised  needle  from  the  current ; '  but  it  is  only  under  these 
conditions  that  the  law  is  true,  for  it  has  been  shown  by  Laplace 
that  the  elementary  magnetic  force,  that  is,  the  elementary  action 
of  a  simple  section  of  the  current  upon  the  needle,  is,  like  all  other 
known  forces,  in  the  in- 
verse ratio  of  the  square  Fig.  196. 
of  the  distance,  and  propor- 
tional to  the  sine  of  the              ^\.  / 
angle  formed  by  the  direc- 
tion  of  the  current,  and 
by  the  line  drawn  through 
the  centre  of  the  section  to 
the  centre  of  the  needle. 
In    fact,    by   calculating, 
according  to  this  principle, 
the  sum   of  all   the  ele- 
mentary actions  that  are 
exercised  on  a  small  needle 

by  an  indefinite  rectilinear  current,  it  is  found  that  the  intensity 
of  this  resultant  should  be,  as  experiment  proves  it  really  is,  in 
the  inverse  simple  ratio  of  the  distance. 

From  the  same  law  of  the  elementary  force  it  follows  that  the 
intensity  of  the  action  of  an  indefinite  angular  current,  a  b  c 
(Fig.  196),  on  a  small  needle,  d  e,iBia  the  inverse  ratio  of  the  dis- 
tance, b  d,  like  that  of  the  rectangular  current,  but  it  is  moreover 
proportional  to  the  tangent  of  half  the  angle,  abf 
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(149)  Action  of  a  Itxed  Marn^t  on  a  Movalile  Condnet- 
inff  ivire. — ^The  apparatus  shown  in  Fig.  197  was  contrited  \tj 


Ampere  to  demonstrate  the  reaction  of  the  magnetic  poke  on  the 
electric  current : — > 

Two  metallic  uprights,  ab,  provided  at  their  lower  extremities  with  enps 
to  hold  mercuiy,  are  fixed  on  a  base-board  c  ;  from  the  tops  of  these  ▼«- 
tical  rods  proceed  long  horizontal  arms,  carrying  at  their  ends  brass  mer- 
cury cups.  The  movable  conductor  consists  of  a  rectangular  copper  wire, 
its  two  extremities  bdng  brought  back  near  each  other,  so  that  their  points 
may  dip  into  the  mercury  capsules,  d  e :  one  of  the  poles  of  the  voltaic 
battery  is  made  to  communicate  with  the  lower  extremity  of  one  of  the 
tixed  conductors,  and  the  other  with  the  corresponding  extremity  of  the 
second  pillar. 

Supposing  the  connections  to  be  made  in  the  manner  indicated  in  the 
figure,  then  the  current  will  circulate  through  the  system  in  the  direction 
pointed  out  by  the  arrows ;  and  on  placing  a  magnetised  bar  below  and  very 
near  to  the  lower  part  of  the  wire,  the  latter  immediately  moves  and  sets 
itself  transversely  to  the  magnet.  On  altering  the  direction  of  the  current, 
or  on  turning  the  fixed  magnet  round,  the  wire  again  moves  and  describes 
an  angle  of  180",  in  order  to  take  up  a  position  the  reverse  of  that  which  it 
previously  occupied,  and  which  is  in  strict  accordance  with  Amp^e's  formula 
in  the  case  of  a  fixed  current  and  movable  magnet. 

If  the  diameter  of  the  rectangular  wire  be  considerable  (from 
18  inches  to  2  feet),  and  if  it  be  traversed  by  a  powerful  voltaic 
current,  it  is  acted  upon  sensibly  by  terrestrial  magnetism,  and  sets 
itself  transversely  or  perpendicularly  to  the  magnetic  meridian, 
the  earth  acting  like  a  magnet  whose  N.  pole  would  be  on  the 
S.,  and  whose  S.   pole  would  be  on  the  N.  side  of  the  eaitb' 
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nds   phenomenon 
)UB  little  apparatui 


B,  howeTBT,  better  exMbited  by  an  ingreni- 
contrived  by  Db  la  Rive,  and  shown  in  Fig. 


The  cODdactdog  winia  nikde  into  &  ring,  <»iui8tJnK  of  several  coil>,  well 
ininUted,  hang  mapped  round  with  silk  ;  one  end  ot  the  wire  is  soldered 
to  a  zine  plate,  and  the  other  to  a  copper  plate,  the  latter  eoTelopIng  the 
roimet.  The  little  voltaic  battery  thus  formed  is  placed  in  a  gmall  cf  lin- 
drical  glasa  vessel,  which  can  be  floated  in  water  hy  a  cork  nttacbed  to  its 
upper  end.  Dijateenlphuiioaciditponred  intothecyliader,  anditlsthen 
plKed  in  B  basin  of  water.  By  the  earreut  of  electricity  which  is  deter- 
■nined  round  the  coil,  magnetic  properties  an  conferred  upon  it ;  it  manifeeta 


1  tendency  to  take  a  position  in  the  plane  of  the  magnetic  i 
exhibit*  all  the  effects  of  attraction  and  repulsion  described  above,  when  ^ 
strong  bar-magnet  is  brooght  near  it  on  eitlier  side.  The  motions  of  this 
Boating  coil  are  less  impeded  by  setting  it  afloat  in  a  little  varnished 
wooden  dish,  as  shown  in  Fig.  199.  On  pouring  dilute  sulphuric  acid  into 
Uie  Utile  bowl,  the  coil  becomes  surprisingly  BCDuble  to  the  influence  of 
a  magnet,  and  will  be  attracted  and  repelled  at  the  distance  of  several 

Ot— 

The  wire  may  be  bent  into  a  spiral  (Fig.  200).  and  suspended  in  such  a 
rnanner  as  to  allow  it  free  horizontal  motion ;  on  passing  the  voltaic  current 
through  it,  the  plane  of  Che  spiral  will  arrange  itself  E.  and  W.  1  the 
pmiliw  cnrreni  ascending  on  the  W.  side  and  descending  on  the  E.,  taking 
tlia  same  cotirse  as  the  hands  of  a  watch  when  it  is  held  on  edge,  with  the 
plana  of  the  dial  Mng  E.  and  W.  facing  S.    The  side  of  the  spiral  which  is 
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(150)  Mntnai  AoUon  of  *MMll«t  SlttatrlMd  Ottmsi*^ 

When  two  metallic  wires  are  troTersed  sunultaiiBoiul;  t^  ait  dec* 


dical  current,  the  wires  are  either  attracted  towarda,  or  repelled 
from,  each  other,  according  to  the  relative  diiectioiis  of  the  two 
currents.  When  the;  move 
"»■*»•  in     the      lame     direction 

throug-h  the  wires,  there  is 
mutual  attractioD  ;  when 
they  move  in  a  amtraiy 
direction,  there  is  muluiJ 
repulsion  set  up  between 
tlie  conductors.  These  phe- 
nomena were  discovered  bj 
Ampere,  to  whom  is  also 
due  the  development  of 
the  mathematicBl  Invs 
which  govern  them.  They 
may  he  experimentallj  il' 
luBtrated  b;  the  little  ap- 
paratus shown  in  Fig8' 
20I  and  302.  The  poaitive  electrode  of  a  battery  of  5  or  6  peirt 
is  made  to  communicate  with  the  left-hand  [dUar  (F!g.  20[) 
through  the  mercury  cup  a ;  the  voltaic  current  ascends  ll'' 
pillar,  and  enters  the  movable  rectangular  copper  wire  through 
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le  mercury  cup  b,  leaves  it  through  the  cup  c,  and  ascending  the 

ght-hand  column  completes  the  circuit  through  a  wire  communi- 

iting  with  the  negative  electrode.    By  oheerving  the  direction  of 

le  arrow-heads^  it  will  he  seen  that  the  voltaic  current  is  moving 

i  different  directions  through  the  fixed  pillars,  and  through  those 

3rtions  of  the  movahle  conductor  adjacent  to  them ;  the  rectangle 

therefore  repelled,  in  accordance  with  Ampere's  law;  hut  hy 

nanging  the  wire  as  shown  in  Fig.  202,  the  current  is  caused  to 

ove  in  the  same  direction  through  the  pillars  and  the  adjacent 

irts   of  the   movahle  conductor,   and  attraction   consequently 

suits. 

(151)  &aws  of  Angular  Currents. — Let  a  b  and  c  d  (Fig.  203) 

two  currents  crossing  at  the  point  r ;  there  will  he  attraction 

Fig.  203. 


itween  the  parts  a  r  and  c  r,  hecause  the  currents  are  hoth  con- 
irging  towards  r,  and  also  hetween  b  r  and  d  r,  hecause  they  are 
)t^  diverging  from  that  point ;  hut  there  will  he  repulsion  he- 
7een  a  r  and  r  d^  and  also  hetween  c  r  and  r  b,  hecause,  while  a  r 
id  c  r  are  approaching  the  point  r^rb  and  r  e^  are  receding  from 
.    From  this  it  follows  that  an  angular  current,  abc  (Fig.  204), 

Fig.  204. 


nds  to  hecome  straight ;  the  parts  a  b  and  b  c  exercising  a  mutual 
•pulsion,  which  not  only  tends  to  hend  hack  b  c  into  a  prolonga- 
on  of  a  by  but  which  is  still  exercised  when  this  condition  is  ful- 
lled  I  in  other  words,  the  contiguous  portiom  of  the  same  rectilinear 
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cun-ents  repel  each  other.    This  important  coosequeiice  of  hk  thenj 
was  demonstrated  by  Ampere  by  the  following  experiment:— 

A  hollow  cat  oat  of  a  block  of  wood  (Fig.  905)  is  divided  into  two  oom- 

partmentB  by  the  non-coodoct- 

Yig.2os.  ^°^  divisioii  a  6;  a  falk<o- 

vered  copper  wire  is  so  l)ent 
that  in  each  compartment  it 
shall    present    a    horizontal 
branch  parallel  to  the  division. 
These  branches  or  arms  aie 
covered  with  wax,  except  at 
their  extreme  ends,  where  they 
are  bentso  as  to  touch  the  mer- 
cury.   On  passing  a  strong  current  through  the  wire  it  inunediately  recedes, 
showing  an  apparent  repulsion  between  the  current  passing  through  the 
mercury  and  that  traversing  the  wire. 

(152)  Slnuoua  Currents:  Solenoids. — If  a  current,  instead 
of  following  a  rectilinear  course,  deviate  alternately  to  the  right 
and  to  the  left,  its  action  is  the  same  with  that  of  a  rectiUnear 
current  of  the  same  extension.  The  combination  of  a  rectiUnear 
with  a  sinuous  current  is  called  a  solenoid.  It  is  a  system  of  ci> 
cular  currents,  equal  and  parallel,  formed  by  twisting  a  silk- 
covered  copper  wire,  corkscrew-fashion,  back  upon  itself;  hut  to 
make  it  perfect,  the  straight  part  of  the  wire  must  be  as  exactly 
as  possible  in  the  centre  of  the  helix.  Thus  arranged,  when  the 
circuit  is  traversed  by  a  current,  the  action  of  the  solenoid  in  the 
direction  of  its  length  A  B  (Fig.  206)  is  destroyed  by  that  of  the 

Fig.  206. 


rectilinear  current  b  c  ;  and  the  only  effect  produced  is  due  to  the 
system  of  circular  currents,  equal  and  parrallel,  moving  in  a  direc- 
tion perpendicular  to  its  axis.  Now,  as  the  action  of  fixed  currentB 
on  movable  ones  is  to  bring  them  into  a  position  parallel  to  them- 
selves, with  their  currents  moving  in  the  same  direction,  a  solenoid 
freely  suspended  on  a  vertical  axis  should,  when  acted  on  by  a 
rectilinear  current,  range  itself  with  its  circles  parallel  to  that  ciu^ 
rent.  It  is  accordingly  foimd  that  on  passing  a  strong  voltaic 
current  through  a  solenoid  suspended  from  two  mercury  cups  (as 
shown  in  Fig.  207),  so  as  to  allow  it  perfect  freedom  of  motion 
round  a  vertical  axis,  and  passing  at  the  same  time  underneath 
and  parallel  to  its  axis  a  rectilinear  current,  the  solenoid  tarns 
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iaelf  across  tliat  current,  taking  up  a  position  witli  its  circles 
tarallel  to  it. 

Fig.  ao7. 


rif.t.T.f.f.fiT,f.f.f.Tj.virfj,?j»Tjj»f.f.t.f/.» 
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If  instead  of  passing  the  rectilinear  current  horizontalli/  under- 
sath  the  solenoid,  it  be  passed  yerticallj  and  near  one  end,  the 

latter  is  either  attracted  or  re- 
pelled, according  as  the  currents        ^^e-  209* 

are  passing  in  the  same  or  in 

opposite  directions  through  the 

wire,  and  through  the  contiguous 

parts  of  the  solenoid.    Two  sole- 
noids exhibit  towards  each  other 

the  phenomena  of  attraction  and 

repulsion  in  a  manner  precisely 

similar  to   two   magnets,  and   a 

solenoid  is  influenced  by  a  mag^ 

netic   bar  precisely    as    another 

magnet  would  be.     In  short,  a 

solenoid  has  all  the  properties  of 

a  magnet,  and  when  suspended 

(as  in  Fig.  207),  and  traversed  by   ' 

a  strong  electric  current,  it  will 

range  itself  with  its  axis  parallel 

to    the  axis  of   the  declination 

needle.  If  the  helix  be  dextrorsd, 

its  coils  moying  upwards  from  left 
.  to  right  (Fig.  208),  the  S.  pole 

will  be  at  the  end  at  which  the 
current  enters ;  if  the  helix  be  sirUgtrorsaly  its  coils  moving  up- 
irards  from  right  to  left  (Fig.  209),  the  N.  pole  will  be  at  the 
md  at  which  ti^  current  enters. 


\ 
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A  good  iUustifttion  of  the  mutual  attractioDa  of  conductiiig  wina 
iMiTjing  voltaic  curreiiu  moTUtg  id  the  same  diiectaon,  ia  afibrded 
by  Eoget'B  spiral  (Fig  zio).    The  helii  is  lield  eitlier  bj  a  screw 
or  bj  a  fine  wire  immediMelj 
Fin,  ito.  o^^  a  cup   of  mercuiy,  into   . 

which  its  opposite  end  juat 
dips.  On  passing  the  current 
down  the  wire,  the  coils,  being 
all  traiTerBed  in  the  same  dir 
rection,  mutually  attract  each 
other;  the  entire  a^aml  ia 
hereby  Hhortened,  and  the 
lower  end  leaves  the  meicurj ; 
contact  with  the  battery  ia 
thus  broken.  The  apiral  re- 
samea  its  former  length,  and 
the  end  again  touches  the 
mereiuy,  but  thia  causes  a  re- 
establislunent  of  the  current 
and  a  ro-shoiteniiig  of  the 
spiral',  in  thia  way  a,  apid 
series  of  hoiizontal  vibrationa 
ia  produced. 
(153)  Tliearlea  of  MacnetJaro:  <Bplinu<  Coulomb. — The 
first  rational  theory  that  was  devised  to  account  for  the  pheDomena 
of  magnetism  was  that  of  (Epinus  (i7S9).  who  applied  the  elec- 
trical tieory  of  Franklin  with  great  ingenuity.  This  theory  in- 
cludea  the  four  following  propoijitdouB : — 

:.  In  all  magnetic  bodies  there  exists  ■  substance  vhich  msj  be  call(d 
tbe  magnetic  fluid,  whose  particles  repel  each  othei  with  a  force  inveraelyaa 
the  distance. 

3.  Tbe  particles  of  thia  fluid  atlract  tbe  puticles  of  iron,  and  are  attracted 
by  ( beni  in  returu  with  a  similar  force. 

3.  The  particles  of  iron  repel  each  other  according  to  the  same  lav. 

4.  Themaeaeticfluidmoves  through  the  pores  of  iron  and  soft  steel  with ' 
very  little  obstruction  ;  but  its  motion  is  more  and  more  obstructed  sa  the 
steel  increasca  in  hardness  and  temper,  and  it  moves  with  the  greatest  diffi- 
culty in  hard-tempered  steel  and  ocea  of  iron. 

The  kwB  of  attraction  and  repulsion  find  a  satis&cto:;  expla- 
nation on  thia  hypothecs,  but  it  faila  when  applied  to  the  conse- 
quences which  follow  on  the  division  of  a  magnetic  bar)  each 
piece  should  have  a  different  and  distinct  polarity,  whereas  it  is 
well  known  that  each  iragment  is  a  bi-polsr  magnet.  CEpinus 
endeavoured  to  overcome  this  diEGculty  by  supposing  that  during 
the  act  of  iiacture,  the  balance  of  magnetic  fi»ce  was  disturbed, 
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and  that  a  portion  of  the  fluid  escaped  from  the  overcharpred  pole, 
while  another  portion  entered  into  that  which  was  undercharged. 

The  theory  of  two  magnetic  fluids  was  advocated  hy  Coulomb. 
A  magnet  was  considered  as  composed  of  minute  inyisible  partirlt^s 
of  iron,  each  of  which  has  individually  the  properties  of  a  magnet 
It  -was  assumed  that  there  are  two  distinct  fluids,  the  austral  and 
boreal ;  and  under  the  influence  of  either  in  a  free  state,  the  bar 
would  point  to  theN.  or  S.  poles  of  the  earth,  according  to  circum- 
stances. It  was  supposed  to  be  within  these  small  particles  or 
metallic  elements  that  the  displacement  or  separation  of  the  two 
attractive  powers  takes  place,  and  that  the  particles  may  be  tlie 
ultimate  atoms  of  iron. 

A  magnetic  bar  may,  according  to  this  theory,  be  represented 
(Fig.  2ii)  as  composed  of  minute  portions,  the  rightr-hand  ex- 
Fig.  311. 


tremities  of  each  of  which  possess  one  species  of  magnetism, 
and  the  left-hand  extremities  the  other.  The  shaded  ends  beinjr 
supposed  to  possess  boreal  and  the  light  ends  austral  magnetism, 
then  the  ends  of  the  bar  itself,  of  which  these  sides  of  the  elemen- 
tary manget  form  the  faces,  possess  respectively  horeal  and  austral 
magnetism,  and  are  the  boreal  and  austral  poles  of  the  majrnet. 

In  ordinaiy  iron  these  fluids  exist  in  a  combined  state,  and  are 
therefore  perfectly  latent,  the  metal  appearing  to  be  distitute  of 
magnetism.  They  exist  in  certain  proportions  united  to  each 
molecule  or  atom  of  the  metal,  from  which  they  can  n.*vt»r  Ix^ 
disunited  ;  the  only  change  which  they  are  capable  of  und'Ttifoinf 
heing  their  decomposition  into  the  separate  fluids,  one  o  which, 
in  a  permanent  magnet,  is  always  collected  on  one,  and  tl  •  ollu;r 
on  the  opposite  side  of  each  molecule. 

(i  54)  iUiip^re*8  Blectro-dynamio  Tbeory. — Each  p[i  .  icle  or 
magnetic  element  is  regarded  as  constituting  a  voltaic  circ  at,  and 
a  magnet  is  composed  of  an  assembhige  of  parallel  filamer .  s,  each 
of  which  is  made  up  of  a  series  of  particles,  round  which  .electric 
currents  are  circulating,  in  the  same  direction  with  refe.  Mice  to 
the  axis  of  the  filaments,  and  moving  in  planes  perpend  'ilar  to 
that  axis. 

In  a  bar  of  unmagnetised  iron  the  electricity  is  suppose !  to  be 
in  a  latent  state.    In  a  magnetised  bar  that  extremity  o£  \\.e>  \\Vv\\:- 
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netic  niament  m  which,  when  upp«rmoit,  tha  cnnent  u  mcmng  in 
the  eame  directjonas  the  handa  of  ftwstch,  faos  thepn^wctiMofi 
S.  pole,  and  vice  wrtd. 

If  the  fllament  be  placed  homontallj  (Fig.  312),  iti  K.  pok 
pointiiig  to  the  N.  and  ita  S.  pole  to  the  S.,  lite  electiie  eamnta 
circulate  on  the  upper  side,  from  W.  to  E.,  and  downwards  oi 
eastern  side;  on  tiie  uuderaide  &om  E.  to  W.,  andapwudionth 
western  side. 


The  mutual  repulaioa  of  two  magnetic  polee  of  the  same  i 
and  the  attractioD  of  two  dissinular  poles,  are  simple  consequBDcai 
of  this  theorj.  It  has  heen  ahown  that  there  ie  a  repuMve  i  ' 
Bet  up  between  two  wires  along  which  electrical  curronta  are  moriiig 
in  opposite  diTectioDs,  hut  that  when  the  cutrents  more  in  the 
same  direction  along  each  wire  attraction  results. 

Now  it  is  easy  to  see,  that  when  two  ""I'lnr  magnetic  poles  an 


brought  near  each  other  (Fig.  213),  the  hypothetical  cunentsafe 
moving  in  contrary  directions  at  the  aides  contiguous  to  each  other, 
and  that  when  two  dissimilar  poles  ara  approximated  (Fig.  214) 
the  currents  are  flowing  in  the  same  direction— hence  repulsion  ii 
the  former  case,  and  attraction  in  the  latter. 

It  follows  also,  as  a  consequence  of  thii 
^*  ^''-  mutual  action  of  currents,  that,  viewing  » 

magnet  as  an  assemblage  of  filaments  lomid 
each  of  which  electrical  currents  are  cir- 
culating, the  resultant  action  of  the  magnet 
can  only  be  exerted  externally :  for  let  Hg- 
315  repreeent  the  action  of  a  cylindri»l 
magnetic  bar,  and  the  small  iocluded  d^ 
cles  some  of  its  filamentary  elements,  the 
currents  moving  round  the  contiguous  sides 
of  any  two  of  these  circles,  being  opposed  in  direction,  neutnGx 
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each  other ;  while  the  currents  that  pass  near  the  circumference 
are  not  so  compensated  hj  others,  and  their  action  is  therefore 
fiiUy  exerted  on  external  bodies. 

A^ain,  the  tendency  of  a  magnet  and  conducting  wire  to  place 
themselves  at  right  angles  to  each  other  is  referred  bj  this 
theory  to  the  transyerse  moyements  of  the  electric  currents  in 
the  magnet,  which  act  upon  the  current  in  the  conductor  and 
are  also  acted  upon  by  that 
current.     Thus  let  B  v  (Fig.  Fig  2x6. 

216)  represent  a  magnet,  and 
p    If  a  wire  conveying  a  cur- 
rent of  electricity ;  the  arrow- 
heads show  the  direction  in       yV  /  /  / 
-which  the  currents  are  mov-    s  i   i  1    II 

ing  round  the  magnet,  viz.  in       ' 

planes     perpendicular   to    its 

axis;  the  vdre  p  N  tends  to 

range  itself,  therefore,  transversely  to  the  axis  of  the  bar,  in  order 

that  the  current  moving  along  it  should  be  parallel  to  that  of  the 

current  in  the  nearest  part  of  the  magnet. 

Further,  the  theory  happily  explains  the  induction  of  an  oppo- 
site polarity  in  the  adjacent  end  of  a  piece  of  soft  iron  by  a  ma^'- 
netic  pole. 

Thus  let  A  B  (Fig.  217)  be  the  magnet,  and  c  d  the  bar  of  iron  ; 


I 


v/  /  /A\ 


IF 
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the  former  has  a  tendency  to  excite  in  the  latter  a  current  of  elec- 
tricity circulating  in  the  same  direction  as  the  currents  moving 
round  its  own  filaments  ;  but  it  is  evident  that  if  the  current  at  the 
end  of  B  revolves,  as  seen  by  a  spectator  looking  at  that  end  from 
right  to  left,  the  current  induced  at  the  end  of  the  iron  bar  (c)  re- 
volvinpr  in  the  same  direction  in  space,  will  appear  to  the  spectator 
looking  at  that  end  to  move  from  left  to  right ;  and  as  the  polarity 
depends  upon  the  direction  of  the  current  with  respect  to  the  axis 
at  the  extremity,  the  polarity  of  b  will  be  the  reverse  of  that  at  c, 
and  the  same  as  that  of  D,  but  the  polarities  of  c  and  a  will  be  the 
same.    Precisely  the  same   consequences  must  follow  upon  the 

t2 
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fracture  of  a  magnetic  bar ;  each  piece  becomeB  a  perfect  magnet, 
the  polarities  of  the  fractured  ends  being  opposed  to  each  other. 

This  theory,  which  is  sustained  by  the  highest  mathematacal 
investigation,  furnishes  a  satisfactory  explanation  of  all  the  matual 
actions  of  magnets  and  electric  currents,  and  of  magnetic  bsA 
electro-magnetic  phenomena  in  general.  Ab  laid  down  by  Am- 
pere, however,  it  fails  to  account  for  diamagnetic  actions.  To 
render  it  at  all  consistent  with  these,  it  has  been  assumed  that 
electric  and  magnetic  forces  might,  in  diamagnetic  matter,  induce 
currents  of  electricity  in  the  direction  the  reverse  to  those  in  nuf- 
netic  matter,  or  else  might  induce  currents  where  before  there 
were  none ;  whereas  in  magnetic  cases,  it  was  supposed  that  thej 
only  constrained  particle  currents  to  assume  a  particular  direction, 
which  before  were  in  all  directions.  Others,  amongst  whom  is 
Weber,  have  made  an  addition  to  the  hypothetical  views  of  Amp^ 
— ^viz.  that  there  is  electricity  among  the  particles  of  matter  which 
is  not  thrown  into  the  form  of  a  current  until  the  magnetic  induc- 
tion comes  upon  it,  but  which  then  assumes  the  character  of  a 
current,  having  a  direction  contrary  to  that  of  the  currents  which 
Ampere  supposed  to  be  always  circulating  round  magnetic  matter^ 
and  so  those  other  matters  are  rendered  diamagnetic. 

A  striking  experimental  distinction  between  a  magnet  and  a 
helix,  through  which  a  current  of  electricity  is  circulating,  has  been 
pointed  out  by  Faraday  {Ex.  JResear.y  3,273),  viz. : — 

*  Whereas  an  unchangeftble  magnet  can  nevw  raise  ap  a  piece  of  soft  iron 
to  a  state  more  than  equal  to  its  own,  a  helix  can  develope  in  an  iron  core 
magnetic  lines  of  force  of  a  hundred  or  more  times  as  much  power  as  that 
possessed  by  itself  when  measured  by  the  same  means.' 

De  la  Rive  {Notices  of  the  Meetings  of  the  Royal  Inxtitutum^ 
vol.  i.  p.  458)  suggests  that  the  views  of  both  Ampdre  and  Weber 
may  be  maintained,  by  supposing  that  all  atoms  of  matter  are 
endowed  with  electricai  currents  of  a  like  kind,  which  move  about 
them  for  ever,  without  diminution  of  their  force  or  velocity,  being 
essentially  part  of  their  nature.  The  direction  of  these  currents 
for  each  atom  is  through  one  determinate  diameter,  and  may  there- 
fore bo  considered  as  the  axis.  When  they  emerge  from  the  body 
of  the  atom  they  divide  in  all  directions,  and  running  over  every 
part  of  the  surface,  converge  towards  the  opposite  end  of  the  axis 
diameter,  and  therefore  re-enter  the  atom  to  run  for  ever  through 
the  same  course.  The  converging  and  diverging  points  are,  as  it 
were>  poles  of  force. 

Where  the  atoms  of  matter  are  close  or  numerous  in  a  given 
space,  the  hypothesis  then  admits  that  several  atoms  may  conjoin 
into  a  ring,  so  that  their  central  or  axial  currents  may  run  one 
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into  the  other^  and  not  retain^  as  before,  over  the  surface  of  each 
atom.  These  form  the  molecules  of  magnetic  matter,  and  represent 
Ampere's  hypothesis  of  molecular  currents.  When  the  atoms, 
being  fewer  in  a  given  space,  are  farther  apart,  or  where,  bein^^ 
good  conductors,  the  current  runs  as  freely  over  the  surface  as 
thron^li  the  axis,  then  they  do  not  form  like  groups  to  the  mole- 
cules of  magnetic  matter^  hut  are  still  considered  subject  to  a 
species  of  induction  by  the  action  of  external  magnets  and  currents, 
and  so  give  rise  to  Weber*s  reverse  currents. 

(155)  Varaday's  ZnTestlffatlons. — To  test  and  measure  the 
magnetic  forces,  Faraday  employed  the  induced  magneto-electric 
current.    The  amount  of  current  induced   he  found  to  be  pre- 
cisely proportionate  to  the  amount  of  lines  of  magnetic  force 
(65,  4),  intersected  by  a  mov- 
ing wire,  in  which  the  elec-  Fig.  aiS. 
trie  current  is  generated  and 
appears.     Thus  on  introducing 
a   bar-magnet  into  the  loop 
(Fig.    218),    and   leaving    it 
there,  a  deflection  of  8°  was 
constantly    produced    at  the 
galvanometer;   tioo  introduc- 
tions   (the    electric    current 
being  broken  by  removing  one 
or  other  of  the  terminals  of 

the  loop  from  the  mercury  cup  of  the  galvanometer  previous  to 
removing  the  magnet)  produced  a  deflection  of  1575°;  three, 
2387°;  and  four,  31*66°. 

The  magnetic  forces  are  distributed  in  and  round  a  bar-nia<rnet 
in  the  simplest  and  most  regular  manner,  so  that  any  wire  or  line 
proceeding  from  a  T>oint  in  the  magnetic  equator  of  the  bar,  so  as 
to  pass  through  the  magnetic  axis  to  a  point  on  the  opposite  side 
of  the  magnetic  equator,  must  intersect  all  the  lines  in  the  plane 
through  which  it  passes  ;  and  a  wire  proceeding  from  the  end  of  a 
magnet  at  the  magnetic  axis  to  a  point  in  the  magnetic  equator, 
must  intersect  curves  equal  to  half  those  of  a  great  plane,  however 
small  or  great  the  length  of  the  wire  may  be.  But  a  wire  from 
pole  to  pole,  passing  close  to  the  equator,  has  no  electric  current 
induced  in  it  when  revolved  round  the  magnet,  because  it  inter- 
sects half  of  the  external  lines  of  force  in  a  great  plane  twice  in 
opposite  directions. 

When  wires  of  difierent  metals  are  moved  across  the  lines  of 
force  of  a  magnet,  the  currents  induced  in  these  diflerent  bodies  are 
proportional  to  their  electro-conducting  power.     Thus  loops  of — 
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By  the  term  'magnetic  polarity y^  Faraday  understands  'Uie 
opposite  and  antithetical  actions  which  are  manifested  at  the  oppo- 
site ends  of  a  portion  of  a  line  of  magnetic  force.'  Bat  this  cannot 
be  correctly  exhibited  in  every  case  by  attractions  or  repuMoDS, 
which  are  affected  by  circumstances.  In  a  field  of  equal  magnetic 
force  a  magnetic  needle  can  show  no  polarity,  as  the  very  fact  of 
pointing  implies  the  disturbance  of  the  equidity  of  arrangement  of 
force.  A  wire,  however,  moving  across  the  line  of  force  shows 
the  full  amount  of  magnetic  power  without  in  the  least  distorlnng 
the  disposition  of  the  power. 

To  these  lines  of  magnetic  force  Faraday  assigns  atruepbysical 
character.  They  are  essentially  dual  in  their  nature,  tiie  two 
opposite  magnetic  forces  being  mutually  related ;  and  as  in  static 
electrical  induction  one  electricity  cannot  exist  without  a  relation 
to  equality  with,  or  dependence  on,  the  other^  so  in  magnetism  an 
absolute  charge  of  N.  or  S.  polarity  is  also  an  impossib^^.  In  a 
bar-magnet  the  outer  forces  at  tbe  poles  are  related  to  each  by 
curved  lines  through  space,  and  although  by  approaching  a  second 
magnet  the  disposition  of  those  second  lines  may  be  changed,  yet 
their  sum  remains  unaltered.  That  the  lines  of  force  are  clo^, 
curves  passing  in  one  part  of  their  course  through  the  magnet, 
and  in  the  other  part  through  the  space  around  it,  is  proved  by  the 
moving  wire ;  and  this  fact  is  considered  by  Faraday  as  implying 
that  such  lines  have  a  physical  existence. 

(156)  iknaloiry  between  tbe  Bleotric  and  Ma^etie 
Forces. — As  far  as  regards  the  disposition  of  the  eternal  lines  of 
force,  the  analogy  between  a  magnet  and  an  insulated  voltaic 
battery  is  perfect ;  but  in  the  battery  the  lines  of  force  are  not 
continued  internally y  as  is  the  case  with  a  magnet ;  consequently, 
on  separating  the  battery  in  the  middle  no  charge  appears  there, 
nor  any  origin  of  new  lines  of  inductive  force,  but  the  two  divided 
portions  remain  in  opposite  states,  or  absolutely  charged ;  in  the 
magnet,  on  the  other  hand,  there  is  on  division  a  development  of 
new  external  lines  of  force,  and  no  absolute  charge  of  northness  or 
southnesSf  because  the  lines  of  force  are  continuous  through  the 
body  of  the  magnet. 

It  has  been  shown  by  Ampere  and  Davy  that  an  electric  current 
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has  a  tendency  to  dongate  itself,  but  a  magnetic  '  axis  of  power ' 
has  a  tendency  to  shorten  itself;  again,  like  electric  currents  attract 
each  otlier,  but  like  magnetic  lines  of  force  exercise  mutual  repul- 
sion.    I^ow  these  tendencies  seem  at  first  not  analo^es  but  con- 
trasts, but  they  coincide  when  it  is  considered  that  the  two  axes  of 
power  are  at  right  angles  to  each  othor,  and  viewed  in  this  way 
the  probable  imeness  of  condition  of  the  electric  and  magnetic  forms 
of  power  appears  in  abundant  instances.    Thus,  unlike  magnetic 
lines  ^when  evid  on,  as  when  similar  poles  are  face  to  face,  repd ; 
unlike  electric  currents,  when  in  the  same  relation,  repel  also ;  like 
magnetic  forces,  when  end  on,  coaleece;  .like  electric  forces  do  the 
eame  ;  2^  electric  currents,  end  to  end,  do  not  add  to  their  sums ; 
the  quantity  of  electricity  circulating  in  a  battery  is  not  increased 
by  adding  to  the  number  of  the  plates ;  and  like  magnetic  lines  of 
force  do  not  increase  each  other ;  lastly,  like  currents  side  by  side 
(a  voltaic  battery  with  large  plates  compared  with  one  with  small 
plates)  add  their  quantities  together,  and  like  magnetic  forces  do 
the  same. 

(157)  Places  of  BO  Marnotlo  Action. — Faraday  arranged  six 
electro-magnets,  so  that  their  like  poles  were  together  in  such  a 
manner  as  to  include  a  cubical  chamber  (Fig.  219) ;  in  this  cham- 
ber he  hung  a  small  magnetic  needle, 
but  neither  it,  nor  a  cr^'stal  of  bis- 
muth, gave  any  indications-  of  mag- 
netic power;  iron   filings   sprinkled 
on  a  card  were  introduced,  but  they 
were  not  afiected  at  the  middle  part, 
but  only  near  the  partly  open  angles. 
A  ring  helix  of  many  convolutions 
was  likewise  rotated  in  this  chamber, 
but  no  inductive  current  was  mani- 
fested by  a   delicate  galvanometer 
with  which  it  was  connected.     The 

cubical  space  included  by  these  similar  poles  was,  therefore,  per- 
fectly destitute  of  magnetic  properties,  though  surrounded  by  a  hijrh 
intensity  of  magnetic  power  ;  its  condition  was  analogous  to  that  of 
the  space  presented  within  a  metallic  globe  or  cylinder  charged 
with  electricity ;  and  as  in  this  case  there  is  no  electricity  within  the 
globe  or  cylinder,  because  that  necessary  connection  and  dependence 
of  the  electric  duals  which  is  essential  to  their  nature  cannot  be,  so 
in  the  case  of  the  magnet,  there  is  no  appearance  of  magnetic  force 
in  the  cubical  chamber,  because  the  duals  are  not  both  there  at 
once,  and  one  cannot  be  present  without  the  other.  A  bar-magnet, 
according  to  Faraday's  view,  is  a  source  of  dual  power ;  its  dualities 


Fig.  219. 
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being  especially  related  to  each  other,  and  incapable  of  existing  bat 
by  that  relation,  which  externally  is  through  t^e  space  around  tiie 
magnet,  and  consists  of  closed  curves  of  magnetic  force.  That  the 
space  is  not  magnetically  dm^k  is  proved  by  the  fact,  that  when  it 
is  occupied  by  bodies  such  as  copper,  mercury,  &c.,  they  produce 
magneto-electric  currents  when  moved.  The  same  magnet  can 
hold  different  charges,  as  the  medium  connecting  its  poles  varies; 
and  so,  one  fully  charged  with  a  good  medium  (such  as  iron) 
"between  its  poles,  falls  in  power  where  the  iron  is  replaced  by  air, 
or  by  space,  or  by  bismuth.  The  magnet  could  not  exist  without 
a  surrounding  medium  or  space,  and  would  be  extinguished  if 
deprived  of  it,  and  is  extinguished  if  the  space  be  occupied  ad- 
versely by  the  dual  power  of  a  dominant  magnet  of  sufficient 
force.  The  polarity  of  each  line  of  force  is  in  the  same  direction 
throughout  the  whole  of  its  closed  course.  Pointing  in  one  direc- 
tion or  another  is  a  differiential  action  due  to  the  convergence  or 
divergence  of  the  lines  of  force  upon  the  substances  acted  on, 
according  as  it  is  a  better  or  worse  conductor  of  the  magnetic  force 
;  {PhU,  Trans.,  Feb.  1855). 

(158)  Vasaday's  PrellmiBary  Bxpeiiments  on  Bleetro- 
marnetlo  Aotion. — Whilst  engaged  on  experiments  to  ascertain 
the  position  of  the  magnetic  needle  relative  to  the  conducting  wire, 
Faraday  (QtuiH,  Jour,  of  Science,  voL  xii.  p.  74)  was  led  to  some 
new  views  of  electro-magnetic  action.  On  placing  the  wire  pe^ 
pendicularly,  and  bringing  the  needle  towards  it  to  ascertain  the 
attractive  and  repulsive  positions  with  regard  to  the  wire,  he 
found  them  to  be  eight — tivo  attractive  and  two  repulsive  for  each 
pole.  Thus  allowing  the  needle  to  take  its  natural  position  acrou 
the  wire,  and  then  drawing  the  support  away  from  the  wire  slowly, 
80  as  to  bring  the  N.  pole  for  instance  nearer  to  it,  there  was 
attraction,  as  was  to  be  expected ;  but  on  continuing  to  make  the 
needle  come  nearer  to  the  wire,  repulsion  took  place,  though  the 
wire  was  still  on  the  same  side  of  the  needle.  If  the  wire  was  on 
the  other  side  of  the  same  pole  of  the  needle,  it  repelled  it  when 
opposite  to  most  parts  between  the  centre  of  motion  and  the  end, 
but  there  was  a  small  portion  at  the  end  where  it  attracted  it. 

On  making  the  wire  approach  perpendicularly  towards  one  pole 
of  the  needle,  the  pole  passed  off  on  one  side  in  that  direction 
which  the  attraction  and  repulsion  at  the  extreme  point  of  the 
pole  gave ;  but  if  the  wire  were  made  continually  to  approach  the 
centre  of  motion  by  either  the  one  or  the  other  side  of  the  needle, 
the  tendency  to  move  in  the  former  direction  diminished.  It  thus 
became  null,  and  the  needle  was  quite  indifferent  to  the  wire ; 
ultimately  the  motion  was  reversed,  and   the  needle  powerfully 
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ndeayoured  to  pass  the  opposite  way.  From  this  it  was  evident 
hat  the  centre  of  the  active  portion  of  either  limb  of  the  needle 
or  the  true  pole,  as  it  may  be  called)  is  not  at  the  extremity  of  the 
leedle,  but  may  be  represented  by  a  point  generally  in  the  axis  of 
:he  needle  at  some  little  distance  from  the  end.  It  was  evident, 
also,  that  this  point  had  a  tendency  to  revolve  round  the  wire, 
and  necessarily  therefore  the  wire  round  the  point;  and  as  the 
same  effects  in  the  opposite  direction  took  place  with  the  other  pole, 
it  was  evident  that  each  pole  had  the  power  of  acting  on  the  wire 
by  itself,  and  not  as  any  part  of  the  needle,  or  as  connected  with 
the  opposite  pole. 

In  Rg.  220,  sections  of  the  wire  in  its  different  positions  to  the 
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needle  are  represented — the  active  poles  by  two  dots,  and  the 
guTOW-heads  show  the  tendency  of  the  wire  in  its  positions  to  move 
round  these  poles. 

From  these  facts,  it  follows  that  both  attraction  and  repulsion 
of  conducting  wires  are  compound  actions ;  that  there  is  no  attrac- 
tion between  the  wire  and  either  pole  of 
the  magnet;  and  that  the  wire  ought  to 
revolve  round  the  magnetic  pole,  and  the 
magnetic  pole  round  the  magnet. 

(159)  Blectro-marnetlo  dotations. 
— ^By  tiie  following  experiments  Faraday 
proved  this  to  be  really  the  case : — 

(a)  Rotation  of  a  Magnetic  Pole  round  a  Con- 
ducting Wire, — ^The  magnet  n  s  (Fig.  221)  is  at- 
tached by  a  thread  to  the  bent  copper  wire  d  c, 
which  passes  through  the  bottom  of  a  cup  nearly 
filled  with  mercury ;  ab  ia  another  copper  wire 
through  which  a  voltaic  current  may  be  trans- 
tnitted  through  the  mercury.  If  the  current  be 
aade  to  descend,  the  N.  pole  of  the  magnet 
t>^in8  to  rotate  round  the  wire  a  6,  passing  from  e 
through  8  to  w,  that  is,  in  the  direction  of  the 
tutnds  of  a  watch ;  but  if  the  current  ascends,  the  line  of  rotation  is  reversed. 

(6)  Rotation  of  a  Conducting  IFire  round  a  Magnet, — ^This  is  realised  by 
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tbe  little  appoiBlai  ■howm  in  Fig.  333.  The  magnet  pim  limo^  Hk 
bottom  of  B  wooden  cnp  cmUiiiiDg  meccniy,  Its  pole  joK  liaing  abiite  b 
sarfHce  of  the  metaL  A  gUu  cjlioder  a  oemented  into  the  cnp,  on  tiu  tqt 
of  nhJch  1b  a  wooden  cup  BHimoDuted  by  a  mercnrr  cup  ;  ft  wire  pun 
through  the  bottom  of  thia  cup  bBving  >  hook  at  the  end,  tmm  whidi  ief 
the  conductiDg  wire.  On  transmittiag  the  mmoit  throngh  thli  men 
canduetor,  it  immediatel]'  begins  to  revolve  roimd  the  nugnetdc  pole.  Boll 
pheaomeiiB  may  even  be  eshibitad  in  the  aame  apparatns ;  and  if  both  in;^ 
net  and  condaeting  wire  be  made  movaUe,  botii  will  rerolva  in  the  1 
direcUon  round  a  common  centre  of  matioD,  each  appearing  to  ponoe 
be  pnTBued  by  the  other. 
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Axil.— To  effect  Cbie,  then 

on  so  that  it  shall  not  affect  thi 
loweF  half.  The  reason  for  this  ia  evident.  Suppose,  e.g.,  acnirenttig 
made  to  descend  a  magnet  placed  vertically,  its  N.  pole  being  uppermost,  it 
would  tend  to  urge  that  pole  round  from  left  to  right ;  bat  its  influcnceo 
Ihe  S.  pole  would  be  just  the  rererse,  tending  to  urge  it  from  right  to  left. 
Amptte  waa  the  (irst  to  demonetrate  Ihe  rotation  of  »  magnet  TODSd  iu 

Mr.  Wstkins,  and  is  shown  in  Fig.  233.  The  magnet  i>  Bnely-poUited  •! 
each  end  1  the  lower  point  resla  in  an  agale  cup  ;  the  upper  end  lumi  in  1 
hole  made  in  a  vertical  screw  with  a  milled  head  to  turn  it  by.  The  cmrsBl 
is  transmitted  through  the  lower  half  of  the  magnet  by  eetablishing  en>- 
muuication  between  the  two  terminals  of  the  battery  and  the  two  marcaiy 
cupa,  shown  in  the  figure.  These  mercury  cupa  are  in  metallie  connectira 
into  which  bent  viret  ittacbid 


to  the  magnet  dip- 

(d)  Rotatinn  of  a  Conducting  Body  n 
wooden  troughs  are  firmly  fixed'  by  Bcren 
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fthoB  magnet  (Fig.  334].    Tlie«  troogha  are  filled  with  menarj.     Into 

bolcA  in  the  centre  of  the  endfl  cf  the  nugnet  two  conical  wired  are  inseTled 

vhich  are  affixed  in  the  oentre  of  tvo  bemispheiicBl  eupa  tmited  to  copper 

cylindera,  the  wires  of  which  ore  formed  into  points  which  dip  into  the 

mercury  contained  in  the  drcnlM' troii|;hs.     Dpontbe  top  of  eath  hemisphere 

a  a  metallic  cop  to  hold  mercury.     Other  cups  for  holding  mercury  ore  eup- 

pOTted  on  Ihe  external  ends  of  beat  wiies,  which  pass  through  the  sides  of 

the  circular  tronghs  Into  the  mercury  contained  therein.    On  transmitting 

the  TiJtaic  corrent  dovn  the  two  cylindeifl,  they  immediately  commence 

lerolviDg  in  opposite  direcliona ;  but  if  the  two  upper  caps  be  united  by  a 

wire,  and  the  lower  cups  connected  with  ihe  opposite  ends  of  the  battery,  the 


same  enrrent  will  traTerse  both  sides  of  the  apparatuB,  up  one  cylinder  and 
down  the  other,  and  the  rotations  will  now,  from  the  contrary  influence  of 
both  poles,  be  in  the  same  direction  in  both  cylinders. 

(e)  Botatim  of  a  Yaltau:  Battery  rmmd  tht  Poll  />/a  JWojBrf.— It  Li  not 
the  wire  only  connecting  the  terminsl  plates  of  a  voltsjc  battery  that  pos- 
sesses dectio-magnetic  properties;  the  majjnctic  needle  is  equally  affected 
whan  snapended  oyer  the  battery  itself,  or,  in  other  words,  every  part  of  the 
(ircait  exhibits  the  same  electro-magnetic  properties  1  and  as  action  always 
Implies  equal  and  conesponding  reaction,  the  magnet  may  be  supposed  to 
liave  a  tendon<y  to  move  the  battery,  equal  to  that  which  the  buttery  hns  to 
more  it.  This  tendency  was  first  demonstrated  by  Ampere  in  the  manner 
■hown  in  Fig.  335,  where  a  small  cylindrical  double  copper  vessel  is  repre- 
sented as  poised  on  either  pole  of  a  strong  horseshoe  magnet ;  each  copper 
vessel  contains  an  open  cylinder  of  dnc,  poised  on  points  on  Ihe  arms  of  the 
copper  Tessela.  On  pooring  dilute  sulphnric  acid  into  the  copper  cylinders, 
all  Iota  commence  revolving  on  their  axes,  the  copper  vessels  in  opposite 
dinctions,  sod  each  zioc  cylinder  in  a  contrary  direction  to  the  copper  in 
which  it  is  inserted. 

(160)  VMnietlo  Vrap«rtlea  of  tbe  Voltalo  Corrent.— The 
wire  connecting  the  extremities  of  a  TolUic  battery  possesses  the 
power  of  attracting  iron  filings  during-  the  timo  the  cnrrent  is 
patting  thiongli  it,  and  fmall  needles  hid  acrosa  the  wire  become 
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penuanentlf  magnetised.  In  order  to  giva  tbe  cumot  its  M' 
moLgnetidngp  elficacy,  it  should  lie  made  to  psai  tnaevaeAj  tomi 
tbe  iron  or  steel;  it  ahould  aiuronnd  it  in  tlie  fona  of  a  belli. 
Here  Rgain  we  find  the  polarity  given  to  the  needle  to  depend  en 
the  direction  of  the  turns  of  tbe  helix.  If  tt  be  iei^rwid,  tlu 
N.  pole  is  formed  et  the  end  at  which  the  current  enlara ;  if  th* 
helix  be  $inislrorial,  the  8.  pole  ia  formed  at  that  end. 

The  magnetising  power  of  the  current  is  exerted  instantAneoiulf, 
tbe  steel  bar  acquiring  the  utmost  m-ignetiam  it  is  capable  of 
riweiving  tlie  moment  tbe  circuit  is  completed.  The  applicilioii 
of  tbe  helix  to  tbe  mt^etlMng  of  large  steel  ban,  hj  EUu  of 
Haarlem,  has  been  alluded  to  in  a  previous  chapter  (64,  6).  Bj 
employing  a  band-epiral  of  copper  instead  of  a  helix,  Bottger 
(.Poyy-  Ann.,  vol.  Lxvii.  115)  magnetised  to  saturation  ahor  of  haid 
cast-steel,  weighing  6  lbs.,  bj  merelj  posing  the  spiral  once  tack- 
warda  and  forwards  along  the  bar. 

(161)  ■leotro-marneta. — When  ibars  of  eoft  iron  are  mA- 
mittsd  to  the  is- 
flnence  of  the  vol- 
taic current,  tbt^ 
acquire  a  verj  high 
degree  of  msgnst- 
ism. ;  but  the  eatr- 
citiea  force^that  >i, 
the  force  in  a 
magnetic  aubstance 
which  opposes  the 
separation  of  tli« 
two  magnetic  fluidi, 
and  their  lecom- 
UnatioD  when  kj»- 
rated — being  in  lad 
iroa  verj  small,  the 
magnetism  is  onl; 
temporary. 

The  ordinary  "■ 
iljement  of  the  hone- 
shoti  electro-magiiel  i< 
shown  in  flg.  136.  Tbe 
copper  wire,  which  for 
large  bun  ehoatd  he 
Rreat  number  of  timei 
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f  the  cylinder,  the  intensity  of  the  current,  and  the  thickness  of  the  copper 
rire. 

With  regard  to  the  thickness  of  the  iron  bar,  the  power  of  the  electro- 
nagnet  to  deflect  a  magnetic  needle  was  fbund  by  Dub  to  be  proportional  to 
be  square  root  of  the  diameter  of  the  c}'linder,  and  its  lifting  power  in  pro- 
lortion  to  its  simple  diameter. 

The  laws  which  govem  the  forces  of  electro-magnets  have  been 
iveBtigated  by  Lenz,  Jacobi,  and  Miiller. 

Let  M  denote  the  magnetic  force  of  the  electro-magnet : 

n  the  number  of  convolutions  of  wire : 

d  the  diameter  of  the  soft-iron  wire : 

Q  the  quantity  of  electricity  in  circulation  : 
and  c  a  constant  multiplier : 
len 

M  sen  Q  V  d 

This  law  only  holds  good  for  bars  of  iron  whose  length  is  con- 
iderably  greater  than  their  diameter  ;  for  feeble  currents  of  elec- 
ricity ;  and  under  the  supposition  that  the  number  of  convolutions 
f  wire  is  not  so  great  as  materially  to  diminish  the  influence  exer- 
ised  by  the  outer  coils  upon  the  bar  of  iron.  These  conditions 
re  fiiliilled  in  the  electro-magnets  used  for  telegraphic  purposes. 

It  will  be  noticed  in  the  above  formula  that  h  increases  directly 
8  a  and  as  Uj  but  Q  decreases  as  n  decreases^  supposing  the  electric 
)rce  to  remain  constant.  Hence  it  is  evident  tiiat  a  certain  pro- 
ortion  between  the  resistance  of  the  wire  and  that  of  the  remain- 
ig  portions  of  the  circuit  must  be  preserved,  to  obtain  the  maximum 
magnetic  force.    This  relation  is  found  to  be  the  following : — 

'When  the  resistance  of  the  coils  of  the  electro-magnet  is  equal  to  the 
esistance  of  the  rest  of  the  circuit,  i.e.  the  conducting  wire  and  batteT3%  the 
lagnetic  force  is  a  maximum.' 

The  experiments  of  Pfaff  gave  him  the  following  results 
Peflchel) : — 

z.  The  amount  of  suspensive  force  is  immediately  dependent  on  the  in- 
ensity  of  the  eleetrlc  current  which  circulates  about  the  iron  ;  and  the 
Qtensity  of  the  magnetism  excited  in  the  soft  iron  is  exactly  proportional  to 
bat  of  the  electric  current. 

2.  The  intensity  of  the  current  continuing  the  same,  the  magnet's  sus- 
ensive  power  increases  with  the  number  of  turns  made  by  the  wire,  or  the 
3tal  effect  of  all  the  coils  is  equal  to  the  sum  of  their  effects  if  taken  singly. 

3.  The  attractive  force  of  an  electro-magnet  increases  as  the  mass  of  the 
ron  composing  it,  and  this  increase  is. proportional  to  the  diameter  of  the 
ron  cylinder,  their  lengths  being  equal. 

4.  The  purer  and  softer  the  iron,  and  the  more  homogeneous  the  mass,  the 
tionger  the  magnetism  it  is  capable  of  receiving. 

£.  The  form  of  the  iron  influences  its  suspensive  power.  Cylinders  carry 
preater  wdghts  than  rectangular  bars  ;  and  a  hollow  cylinder  from  which 
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a  portion  has  been  cut  away,  so  as  to  form  a  long  honeahoe  magnet  vhea 
viewed  in  the  direction  of  its  axis,  but  a  veiy  short  one  if  taken  as  to  iti 
height,  is  capable  of  receiving  a  very  g^reat  sniqMnaiye  fixree ;  and,  ^a^,  s 
slight  curvature  of  the  polar  surface  adds  conaderablj  to  its  power. 

Instead  of  coiling  the  wire  round  the  bobliiiiB  in  one  oontinQoas 
length,  it  is  better  that  the  total  length  of  wire  intended  to  hi 
used  should  be  cut  into  several  portions,  each  of  which,  covered 
with  silk  or  cotton,  should  be  coiled  separately  on  the  iron;  tiie 
ends  of  all  the  wires  are  then  collected  into  separate  parcels,  lod 
made  to  communicate  with  the  battery,  care  being  taken  that  the 
current  shall  pass  along  each  wire  in  the  same  direction. 

With  regard  to  the  retention  of  power  by  an  electro-magnet 
after  the  voltaic  current  has  ceased  to  pass  through  the  heliz 
surrounding  it,  it  was  discovered  by  Bitchie  that  when  the  electro- 
magnet is  very  short,  and  the  poles  near  each  other,  the  retaimng 
power  with  good  soft  iron  is  exceedingly  small,  but  that  when 
the  magnet  is  very  long  the  retaining  power  is  considerable.  He 
found  also  that  a  short  electro-magnet,  though  its  lifting  power 
may  be  considerable,  is  incapable  of  inducing  permanent  magnetisn 
on  an  unmognetised  horseshoe  of  tempered  steel ;  while  an  electro- 
magnet of  four  feet  in  length,  though  of  no  greater  lifting^power 
than  the  small  one,  is  capable  of  inducing  a  very  considerable  po^ 
manent  effect. 

(162)  Sounds  produced  durinir  ttio  BKarnetUatloB  and 
BemagnotUatlon  of  Iron. — This  is  best  observed  by  resting 
the  end  of  a  long  iron  bar,  surrounded  with  a  coil  of  covered 
copper  wire,  on  a  sounding-board ;  it  thus  becomes  a  musical 
note,  and  may  be  heard  distinctly  through  a  large  room.  By 
suspending  an  iron  bar  so  that  it- could  vibrate  freely,  and  circu- 
lating the  voltaic  current  by  a  wire  so  arranged  as  not  to  touch 
the  bar,  and  breaking  and  renewing  battery-contact  rapidly,  Beat- 
son  oliritt^d  sounds  as  loud  and  distinct  as  those  from  a  small  belL 
Hi'  aycortained  that  at  the  moment  the  sound  is  produced,  the 
luetal  undergoes  a  sudden  expansion,  and  that  on  interrupting  the 
current  a  sudden  contraction  takes  place,  this  expansion  and  con- 
traction being  independent  of  that  produced  by  the  heating-power 
of  the  current.  The  effects  are  evidently  caused  by  a  molecular 
disturbance  of  the  particles  of  the  metal  by  the  magnetic  inducing 
influence  of  the  current.  This  is  well  shown  by  an  experiment 
arranged  by  Grove,  in  which  a  glass  tube,  open  at  both  ends,  but 
protected  along  its  length  with  a  copper  jacket,  is  filled  with 
water  in  which  is  suspended  powdered  magnetic  oxide  of  iron. 
On  looking  through  the  tube  at  distant  objects,  a  considerable 
portion  of  the  light  is  interrupted  by  the  heterogeneous  arrange- 
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nent  of  the  particles  of  oxide ;  but  on  passing  a  current  through 
\  coil  iTv^ound  round  the  tube,  these  particles  assume  a  symmetrical 
diaracter,  and  much  more  light  is  transmitted.  Tyndall  {P^oc. 
Itof/id  Inst. J  vol.  iy.  part  iy.  p.  231)  refers  the  lengthening  of  an 
iron  bar  at  the  moment  of  magnetisation  to  the  effort  and  partial 
success  of  the  granules  of  which  the  bar  is  composed  to  set  their 
longest  dimensions  parallel  to  the  axis  of  the  bar,  in  the  same 
manner  as  iron  filings,  which  are  yirtually  so  many  little  rods 
of  iron^  when  shaken  oyer  a  paper  screen  placed  oyer  a  large  flat 
magnet,  set  their  longest  dimensions  in  the  direction  of  the 
magnetic  curye. 

(163)   Bleotro-maffnetlo    Buffines.  —  The  prodigious  force 

which  electro-magnets    manifest  when    excited  eyen  by  feeble 

currents,  and  the  power  of  annulling  or  reyersing  it  in  an  instant, 

might  seem  to  justify  a  hope  of  their  affording  a  motiye  power  as 

energetic  and  more  economical  than  eyen  steam.     An  immense 

amount  of  inyentiye  talent  has  been  expended  in  attempts  to 

realise  this  hope.    These  attempts  haye,  howeyer,  shown,  as  Dr. 

Robinson  obseryes,  that  electro-magnetic  engines  can  scarcely  eyer 

be  a  cheap  or  a  yery  efficient  source  of  power.    Electricity  is  now 

known  to  haye  a  definite  mechanical  equivalent.    The  zinc  and 

add  required  to  produce  it  are  more  costly  than  the  coal,  which 

will  eyolye  isodynamic  heat,  and  the  hitherto-contriyed  methods 

of  conyerting  electro-magnetism  into  moving  force  inyolye  much 

more  loss  than  the  mechanism  of  the  steam-engine  does  in  respect 

of  heat.    It  may  be  added  that  the  great  magnetic  force  exists 

only  in  contact ;  on  the  least  separation  of  the  keeper  it  decreases 

rapidly,  not  merely  because  magnetic  force  follows  the  law  of  the 

inyerse  squares  of  the  distance,  but  because  that  separation  destroys 

in  a  yery  great  degree  the  actual  magnetism  of  the  magnet.    It 

must,  howeyer,  be  kept  in  mind  that  there  are  many  cases  where 

economy  is  of  less  consequence  than  facility  of  application  and  con- 

yenience ;  in  such  cases,  therefore,  the  electro-magnetic  engine  may 

deserye  preference.  The  power,  moreoyer,  may  be  applied  without 

danger;  the  machine  when  not  in  actiye  operation  is  perfectly 

quiescent,  and  it  may  be  placed  in  any  locality. 

A  series  of  experiments  on  the  application  of  electro-magnetism 
as  a  motiye  force  was  made  by  Dumont  (Comp,  Rendus,  Aug. 
185 1),  and  the  following  conclusions  were  deduced-  from  them : — 

1.  That  although  the  electro-magnetic  force  cannot  be  compared  to  the 
force  of  steam  in  the  production  of  great  power,  either  as  regards  the  abso- 
lute amount  of  i>ower  produced  or  the  expense,  it  may  nevertheless  under 
certain  circumstances  be  usefully  and  practically  applied. 

2.  That  while  in  the  development  of  great  power  the  electro-magnetic 
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force  iii  ver}'  inferior  to  that  of  Bteam,  it  becomes  equal,  and  even  mperiar, 
to  it  in  the  production  of  tmaU  fbrces,  which  may  thus  be  subdivided, Tiried, 
and  introduced  into  trades  and  occupations  using  bat  small  capitsli,  vhen 
the  absolute  amount  of  mechanical  power  is  of  less  oonseqaenoe  thin  tht 
facility  of  producing  it  instantaneously  and  at  wilL  In  this  point  of  view  the 
electro-magnetic  force  assists  as  it  were  the  useftilness  of  steam,  in  the  pUee 
of  uselesHly  competing  with  it. 

3.  Other  things  being  proportional,  electro-magnetic  machines  with  dhect 
alternating  movement  present  a  great  superiority  over  rotating  machines, 
:uncc  in  the  first  there  are  no  components  lost,  and  with  tlie  same  expense  a 
much  mure  considerable  power  is  obtained  than  with  rotating  machine;*. 

4.  In  machines  of  direct  movement,  the  influence  of  the  currents  ai  in- 
duction appear  less  considerable  than  in  rotating  iin^^hinfta- 

Tlie  first  electro-magnetic  engine  which  was  something  man 
than  a  mere  model  was  constructed  by  Professor  Jacobi,  of  St 
Petersburg,  in  1854.  In  1838  he  succeeded  in  propelling  a  boat, 
containing  ten  or  twelve  persons,  on  the  river  Neva.  The  vessel 
was  a  ten-oared  shallop,  equipped  with  paddle-wheels,  to  which 
rotatory  motion  was  conimunicated  by  an  electro-magnetic  engine. 
The  boat  was  28  feet  long  and  7^  feet  in  width,  and  drew  2}  feet 
of  water.  At  first  there  was  great  difficulty  in  managing  the 
batteries,  and  the  imperfect  construction  of  the  engine  was  a  souioe 
of  frequent  interruption.  During  a  voyage  which  lasted  seveial 
days  the  vessel  went  at  the  rate  of  four  miles  per  hour.  In  1839 
Jacobi  tried  a  second  experiment  in  the  same  boat.  The  machine, 
which  was  the  same  as  that  used  on  the  previous  occasion,  and 
which  occupied  little  space,  was  worked  by  a  battery  of  64 
platinum  plates,  each  having  36  square  inches  of  surface,  and 
charged,  according  to  the  plan  of  Grove,  with  nitric  and  sulphuric 
acid.  The  boat,  with  a  party  of  fourteen  persons  on  board,  went 
against  the  stream  at  the  rate  of  three  miles  per  hour. 

In  Silitmans  Journal  (Nov.  1850)  the  fundamental  principle  of 
an  electro-magnetic  engine  of  considerable  power  is  thus  described 
by  Professor  Page : — 

*  It  is  well  known  that  when  a  helix  of  suitable  power  is  connected  with 
the  poles  of  a  battery  in  action,  an  iron  bar  within  it  will  remain  held  up  by 
iaduccd  magnetism,  although  the  helix  be  placed  in  a  rertical  position ;  and 
if  the  bar  be  partly  drawn  out  of  the  helix  by  the  hand,  it  goes  back  with 
a  spring  when  the  hand  lets  go  its  hold.  This  power,  the  action  of  the  helix 
upon  the  metallic  bar  within  it,  is  the  power  used.  When  a  single  coil  is 
used,  it  has  its  points  of  greatest  and  weakest  force,  and  in  this  condition  is 
objectionable.  But  by  making  the  coil  to  consist  of  a  series  of  short  inde- 
pendent helices,  which  are  to  be  brought  into  action  successively,  the  metallic 
rod  is  made  to  pass  through  the  coil  and  back  again  with  great  rapidity  and 
with  an  equable  motion,  in  all  the  engines  hitherto  uaed,  there  is  a  loss  of 
power  at  the  instant  of  the  change  of  current,  owing  to  the  production  of  a 
secondary  current  in  the  opposite  direction ;  and  to  this  loss  is  owing  the 
fact  that  these  engines  cannot  be  rendered  available.* 
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l?age  exlubited  one  of  liis  engines,  of  between  4  and  5  horse 
Hytfrer,  at  the  Smithsonian  Institute,  the  battery  to  operate  which 
ffBB  contained  within  the  space  of  3  cubic  feet.  It  was  a  recipro- 
Ating  engine  of  2-feet  stroke ;  and  the  whole,  including  the  battery, 
p^eig^hed  about  i  ton.  Page  stated  that  the  consumption  of  3  lbs. 
y£  zinc  per  day  would  produce  a  i-horse  power.  Joule's  estimate 
IB  "widely  different;  he  calculates  that  in  an  electro-magnetic 
engine,  constructed  most  favourably  to  prevent  loss  of  power,  the 
consumption  of  zinc  per  24  hours  to  produce  i -horse  power  is  in 
Ghrove*8  battery  45  lbs.,  and  in  Darnell's  battery  75  lbs. 

Electro-magnetic  engines,  in  which  much  mechanical  ingenuity 
is  displayed,  were  invented  by  Fessel,  Bain,  Taylor,  Davidson, 
Talbot,  and  others,  but  in  none  of  them  has  the  idea  of  an  econo- 
mical working  source  of  power  been  realised.  Davidson's  engine, 
"which  is  fully  described  in  the  Practical  Mechanic's  and  Engineer's 
Magasdne,  Nov.  1842,  was  built  on  a  laige  scale,  and  was  tried  by 
the  inventor  on  the  Edinburgh  and  Qlasgow  Railway ;  it  weighed, 
with  its  carriage,  batteries,  &c.,  5  tons,  but  when  put  in  motion 
on  the  rails,  it  only  travelled  4  miles  an  hour,  thus  exhibiting  a 
power  less  than  that  of  a  single  man. 

Electro-motive  power  has,  however,  been  employed  very  suc- 
ceBsfuUy  by  Gustavo  Froment,  an  eminent  astronomical  and 
mathematical  instrument  maker  of  Paris,  for  giving  motion  to 
machinery  for  performing  delicate  mechanical  work,  such  as  divid- 
ing-instruments, polishing  apparatus,  &c.  &c.  His  machine  is 
fihown  in  Fig.  227,  and  is  thus  described  ( Traiti  d'ElectricitS  et  de 
MagnHitme,  par  MM,  BecguereT)  : — 

M  N  is  a  cast-iron  frame  supported  on  a  base  ;  it  contains  four  electro- 
magnets, through  which  an  electric  current  conveyed  through  the  conductors 
attached  to  the  binding  screws  a  and  b  circulate.    These  electro-magnets 
are  intended  to  act  on  the  eight  soft-iron  armatures  arranged  round  the  cir- 
cumference of  the  cast-iron  wheel  c  d,  which  revolves  on  an  axis.    The  arma- 
tures pass  during  rotation  as  near  as  possible  the  poles  of  the  electro-magnets 
without  aetually  touching;.    The  apparatus  is  so  arranged  that  each  electro- 
magnet acts  successively  on  each  armature  as  it  approaches  near  to  its  poles, 
bat  suspends  its  action  when  it  comes  immediately  opposite ;  the  next 
electro-magnet  then  comes  into  action,  and  so  on  ;  in  this  manner  a  series 
(tf  impulses  are  given,  by  which  continuous  rotation  is  imparted  to  the  wheel. 
This  is  accomplished  in  the  following  manner  : — The  machine  carries  a 
distributor,  which  establishes  and  interrupts  the  current  at  a  given  moment, 
but  does  not  change  its  direction.    The  distributor  is  composed  of  three 
Uttle  communicating  wheels  fixed  on  a  circle,  a  b,  attached  to  the  cast-iron 
Irame.     A  small  cam-wheel  fixed  on  the  axis  of  the  armature-wheel,  and 
moving  with  it,  raises  as  it  revolves  each  of  the  little  communicating  wheels, 
thus  producing  the  battery-contacts  necessary  for  working  the  machine. 
To  effect  this,  one  of  the  communicators  is  in  connection  with  the  two  lower 
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«1«ctnF-mKgnet9,  and  each  of  the  others  with  one  of  tba  aide  glectra-iiugiieb. 
The  ciicle  a  6  is  bo  ursnged  that  the  attiactloni  lake  pUee  bcfiin  the  aima- 
t|ires  have  arrived  at  the  central  part  i^each  elecCio-magiiet. 

As  the  attractive  foTce  of  the  magnets  ia  only  axendied  at  raj  aniall 
distiinces,  it  ia  ueeless  to  allow  the  cmreiits  to  cucnlate  until  the  mament 
vben  each  armature  cornea  in  close  proicimlty  to  the  electro-migDet — henci 

Kg.  ai7. 


^^i^ 


each  revolui 
The  forr 


ly  eleutro-magnets,  and  of  the  division  of  the  cuneot  doling 
;  wheob  is  shown  in  Fig.  33S.    Metallic 


^k 


<»DtBct  between  the  branched  a  b,  c  ■>,  which  commuoieate  with  the  pOlea 
of  the  battery,  is  prevented  by  the  ivory  plate  F  ;  the  metallic  plate  c  d 
carries  a  little  ivory  whexl  a,  which  roUa  on  the  wheel  ■,  and  it  ia  onlj 
when  the  cab  N  passes  Over  the  ivory  wbeel  that  the  latter  establishei  an 
electrical  comniunicalioii  between  B  BadD.by  causing  the  platei  of  platinum 
with  which  they  are  fumiebed  to  wme  into  contact.  A  copper  latiw  x  a, 
which  passes  through  a  nat  E,  fixed  in  the  ivory  plate  r,  travenes  tbe 
copper  plale  c  a  through  a  hale  without  toaching  it,  and  comeainto  poatact 
with  a,  tbai  regulating  the  duiKtioncf  l^  ccm\«c^s^i«VntKaKcd.D. 
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CHAPTER    XIV. 
DIAMAGNETISM. 

Action  of  Magnetism  cm  Light — ^Faraday's  Investigations — Tlie  General 
Magnetic  Condition  of  Matter — Diamagnetism  of  Gases — Action  of 
Magnets  on  Metals — ^Modification  of  Magnetic  and  Diamagnetic  Action 
by  Mechanical  Arrangement — Diamagnetic  Polarity. 

(164)  j^ction  of  Kagrnetisin  on  iLlgrlit. — By  the  following 
experiment  it  was  demonstrated  by  Faraday  that  when  the  *  line  of 
magnetic  force '  is  made  to  pass  through  certain  transparent  sub- 
stances parallel  to  a  ray  of  polarised  light  traversing  the  same 
body,  the  ray  of  polarised  light  experiences  a  rotation  {Phil, 
Tram.,  Nov.  20,  1845) : — 

A  ray  of  light  from  an  Argand  lamp,  polarised  by  reflection,  was  passed 
through  a  Nicol's  prism  revolving  on  a  horizontal  axis.  Between  the 
polarising  mirror  and  the  eyepiece,  the  poles  of  a  powerful  electro-magnet 
were  arranged.  The  poles  were  separated  from  each  other  about  two  inches 
in  the  direction  of  the  line  of  the  ray,  and  so  placed  that  if  on  the  same  side 
of  the  polarised  ray  it  might  pass  near  them,  or  if  on  the  contrary  side  it 
might  go  between  them — its  direction  being  always  parallel,  or  nearly  so,  to 
the  magnetic  lines  of  force.  A  piece  of  silicated  borate  of  lead-glass  was 
placed  between  the  poles,  so  that  the  polarised  ray  should  pass  through  its 
length.  The  eyepiece  was  now  turned  in  such  a  position  that  the  image 
of  the  ray  was  invisible.  On  causing  a  voltaic  current  to  circulate  the  iron, 
the  image  of  the  lamp-Jlame  became  visible^  and  continued  as  long  as  the  iron 
continued  magnetic,  but  on  stopping  the  current  the  light  instantly  dis- 
appeared. 

The  law  of  the  action  is  this : — 

If  a  magnetic  line  of  force  he  going  from  a  N.  pole^  or  corning 
from  a  S.  pole,  along  the  path  of  a  polarised  rag  coming  to  the 
observer,  it  tvill  rotate  that  ray  to  the  I'ight  hand. 

Thus  supposing  Fig.  229  to  re-  Fig,  229. 

present  a  cylinder  of  glass,  the  line 
joining  N.  and  S.  is  the  magnetic 
line  of  force ;  and  if  a  line  be  traced 
round  the  cylinder  with  arrow- 
heads on  it  to  represent  direction  (as  in  the  figure),  such  a  simple 
model  held  up  before  the  eye  will  express  the  whole  of  the  law,  and 
give  every  position  and  consequence  of  direction  resulting  from  it. 

The  following  experiment  is  referred  to  by  Faraday,  as  clearly 

tj2 


(5 
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demoiutrating  that  a  ny  of  light  m&f  be  eleetiifled  lad  tha  dei- 
tric  forcM  iUuminated  : — 

A  tube  VM  tilled  with  diMllled  water  ind  latradae«d  u  a  eon  into  ilmg 
helix  ur  coil  i  it  *u  pliced  in  the  line  of  tlie  poluiied  ny,m  tlutbr 
(XUDination  through  the  eyepiece  ths  iroige  of  the  Ump-flams  pndued 
by  the  ny  could  be  wen  tjuongh  it ;  then  the  eyqtieee  iras  tnined  ntii 
tbe  image  of  the  flame  diuppeired,  and  afterwaida  >  Btrong  ToIUic  anrait 
wu  icnt  through  the  helix ;  the  imBge  of  the  fiune  iiutautl]'  leqipaand. 
and  caolinucd  u  lODg  aa  the  electric  cuneDt  waa  panng  throng  Bk 
belix  ;  OD  stoppiog  the  carrent  the  iiDag«  diaappeared.  When  the  canal 
was  Knt  Tonadthe  belix  in  one  directiai,  the  rotation  ladaced  upon  tlienT 
Vf  a:i  one  vay  ;  when  the  carrent  wa*  dunged,  the  directioD  of  the  ntatioB 
changed  liiiewiae. 


linea  in  diameter  and  from  6  Id  B  inches  long,  rloaed  at  both  ends  by 
plates  of  gla»,  bli ;  the  tube,  filled  with  any  donble  reflecting  liquid — snchu 
tartaric  acid,  oil  itf  turpentine,  anlit/ipn  nf  sugar,  &c,'^is  placed  in  the  axif  <^ 
a  hollow  helix,  c,  which  is  lined  thionghout  its  entin  length  with  a  ibia 
cylinder  of  sheet-iron  ;  the  projecting  terminoli  of  the  helix  ar;  brouRbt  lij 
means  »f  the  commutator,  d,  into  connection  with  the  potas  of  a  Gmre'i 
battery  of  6  or7  pairs.  On  allowing  the  light  from  an  Argand  lamp.'- '" 
paa  throngh  the  hinderinost  prism,  and  thus  cansiog  a  ny  of  pdaiiK^ 


ACnON  or  MAQNETISX  ON  LIGHT.  293 

light  to  traverae  the  SQliition  in  A  &,  it  will  be  obeenred  that  a  certain  poii- 
tum  may  be  giTeo  to  the  fhmt  movable  prism,  g,  in  which  the  field  is  dark ; 
if  now,  bj  completing  the  drcoit,  the  galvanic  current  be  caused  to  traverse 
the  pile  in  such  a  manner  that  it  enters  the  right-handed  helix  where  the 
polarised  raj  enters  the  refiracting  liqnid,  the  longitudinal  magnetic  axis 
coinciding  with  the  axis  of  the  ray,  or  in  other  words,  the  magnetic  N.  pole 
being  at  6,  and  the  S.  pole  at  A,  there  will  instantly  be  indicated  a  rotation 
of  the  plane  of  polarisation  to  the  left,  the  field  no  longer  remaining  dark, 
but  becoming  of  a  reddish  hue,  the  phenomenon  remaining  constant  as  long 
as  the  circuit  is  dosed.  On  inverting  the  current  by  means  of  the  commu- 
tator, so  that  the  N.  pole  is  brought  to  h  and  the  S.  pole  to  6,  the  plane  of 
polarisation  becomes  inverted  to  the  right,  the  field  at  the  same  time  be- 
coming of  a  bluish-green  tint 

Taking  the  natural  roti^tlng  force  of  a  specimen  of  oil  of  turpen- 
tine as  a  standard  of  comparison^  Faraday  obtained  the  following 
results,  a  powerful  electro-magnet  being  employed,  with  a  constant 
difference  of  2^  inches  between  the  poles : — 

Oil  of  turpentine ii'S 

Heavy  glass 60 

Flintrglass 2*8 

Rock-salt 2*2 

Water 10 

Alcohol less  than  watpr. 

Ether less  than  alcohul. 

The  rotatory  power  superinduced  by  magnetic  action  is  quite 
independent  of  that  which  the  substance  possesses  of  itself.  h\ 
oil  of  turpentine,  for  instance,  whichever  way  a  ray  of  polarised 
light  passes  through  this  fluid,  it  is  rotated  in  the  same  man- 
ner, and  rays  passing  in  every  possible  direction  tlirou<?h  it 
gimuUcmeoasly,  are  all  rotated  with  equal  force,  and  accordintjf  to 
one  common  law  of  rotation — i.e.  all  right-handed,  or  else  all  to 
the  left.  This  is  not  the  case  with  the  rotation  superinduced  on 
the  same  oil  of  turpentine  by  the  magnetic  or  electric  force ;  it 
exists  only  in  one  direction — that  is,  in  a  plane  perpendicular  to 
the  magnetic  line  ;  and  being  limited  to  this  plane,  it  can  be  changed 
in  direction  by  a  reversal  of  the  direction  of  the  inducing-  force. 
The  direction  of  the  rotation  produced  by  the  natural  state  is  con- 
nected invariably  with  the  direction  of  the  ray  of  lip^ht,  but  the 
power  to  produce  it  appears  to  be  possessed  in  every  direction,  and 
at  all  times,  by  the  particles  of  fluid.  The  direction  of  the  rota- 
tion produced  by  the  induced  condition  is  connected  invariably 
with  the  direction  of  the  magnetic  line  or  the  electnc  curmif, 
and  the  condition  is  possessed  by  the  particles  of  matter,  but 
strictly  limited  by  the  line  or  currents  changing  or  disappearing 
with  it. 
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Pig.  231. 


(165)  The  deneral  Mavnetlo  OondltlOB  of  M«tt«r«— Pie- 
yiovLB  to  the  communication  of  Faraday's  memorable  paper  on  *  New 
Magnetic  Actions*  to  the  Royal  Society  (Dec  1845),  it  wu  anp- 
posed  that  all  substances  might  be  magnetic  in  the  sense  of  irun, 
though  in  so  low  a  degree  as  to  be  inappreciable  by  our  present 
means  of  observation.  In  the  memoir  above  alluded  to,  however, 
Faraday  has  shown  that  this  is  by  no  means  the  case,  and  that 
there  is  a  large  class  of  substances  which,  though  amenable  to  the 
influence  of  powerful  magnets,  are  so  in  a  spnse  absolutely  the 
reverse  of  that  of  iron. 

Thus,  let  N  8  (Fig.  231)  represent  the  poles  of  a  horseshoe  mag- 
net looking  down  upon  them;  the 
space  between  the  poles  is  called 
the  magnetic  Jidd ;  bodies  magnetic 
in  the  sense  of  iron,  if  suspended  in 
this  space,  take  up  a  position  with 
their  longest  diameters  parallel  to 
the  line  a  b,  which  is  called  the  axial 
line ;  bodies  magnetic  in  a  sense  the 
reverse  of  that  of  iron,  take  up  a 
position  with  their  longest  diameter 
parallel  to  the  line   c  d,  which  is 
called  the  equatoricd  line. 
The  first  substance  submitted  by  Faraday  to  the  action  of  the 
magnetic  forces  was  heavy  silicated  borate  of  lead-glass.    A  har 
of  this  substance,  two  inches  wide  and  half  an  inch  thick,  was  sus- 
pended centrally  between  the  poles  of  a  powerful  horseshoe  electro- 
magnet ;  when  the  effect  of  torsion  was  over,  the  voltaic  current 
was  thrown  on,  the  bar  immediately  moved,  and  took  up  a  position 
across  the  line  of  magnetic  force  (equatorial).    On  being  displaced, 
it  returned  to  it,  and  this  happened  many  times  in  succession.  The 
reversal  of  the  poles  of  the  electro-magnet  caused  no  difference ; 
the  bar  went  by  the  shortest  course  to  the  equatorial  position. 
Here  then  was  a  magnetic  bar  pointing  E.  and  W.  instead  of  N.      j 
and  S.     If  the  bar  was  suspended  nearer  to  one  pole  than  to  the 
other,  it  was  repelled  from  the  nearer  pole ;  and  if  two  bars  were 
suspended,  each  near  the  opposite  pole,  both  were  repelled  by  their 
respective  poles,  and  thus  appeared  to  attract  each  other.    AVben 
a  cube  was  employed,  the  effect  was  repulsion  from  both  pol^^, 
and  recession  from  the  magnetic  action  on  either  side ;  and  wb®^ 
one  or  two  magnetic  poles  were  active  at  once,  the  courses  ^^ 
scribed  by  the  glass  formed  a  series  of  curves,  which  Faraday  caJl  . 
diamagnetic  curves  in  contradistinction  to  the  lines  called  magn^^^ 
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'ves,  and  the  borate  of  lead  and  bodies  which  act  like  it  he  calls 
nuignetic  substances,  in  contradistinction  to  iron  and  bodies 
deh  comport  themselves  similar  to  it  in  the  magnetic  field,  and 
lich  are  magnetic  substances. 

Faraday  submitted  a  great  number  of  substances,  solid  and 
uid,  to  the  action  of  the  magnet,  the  liquids  being  enclosed  in 
ail  glass  tubes  hermetically  sealed.  The  results  are  given  in 
)  following  table : — 


Fainted  •EquatoriaUy 

Rock-ciystaL 

Sulphate  of  lime. 

Sulphate  of  baryta. 

Salphate  of  soda. 

Sulphate  of  magnesia. 

Alum. 

Muriate  of  ammonia. 

Chloride  of  lead. 

Chloride  of  sodium.  - 

Nitrate  of  potassa.- 

Carbonate  of  soda. 

Iceland  spar. 

Oxalate  of  lead. 

Tartrate  of  potassa  and  antimony. 

Tartaric  acid. 

Citric  acid. 

Water; 

AlcohoL 

Ether. 

Sugar. 

Starch. 

Gum-arabic 

\'Vood. 

Ivory. 

Dried  mutton. 

Fresh  beef. 


{PuanagiUtic), 

Nitric  acid. 
Sulphuric  acid. 
Miiriatic  acid. 
Solutions  of  alkaline  and 

earthy  salts. 
Glass. 
Litharge- 
White  arsenic. 
Iodine. 
Phosphorus. 
Sulphur. 
Resin. 
Spermaceti. 
Caffeine. 
Cinchona. 
Margaric  acid. 
Wax  from  shell-lac. 
Olive  oiL 
Oil  of  turpentine, 
tieti 

Caoutchouc. 
Dried  beef. 
Fresh  blood. 
Leather. 
Apple. 
Bi^ead. 


Pointed 'Akially  (^Magnetic). 

Paper.  Sulphate  of  zinc 

Sealing  wax.  Shell-lac. 

Fluor-spar.  Silkworm  gut. 

Peroxide  of  lead.  Asbestos. 

Plumbago.  Vermilion. 

China  ink.  TourmaUne. 

Berlin  porcelain.  CharcoaL 
Eedlead. 

Phosphorus  appears  to  stand  at  the  head  of  all  diamagnetic 
bstances ;  its  pointing  may  be  verified  between  the  poles  of  a 
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common  magnet  If  a  man  oonld  \»  siupeiided  between  the  poLes, 
he  would  point  equatorially,  for  all  the  eabatanoea  of  which  he  Is 
made  possess  this  property. 

(166)  Biamavnetlflm  of  Omms. — ^It  was  diaoovered  hj  Bn- 

calari  (Sept.  1847),  that  on  the  interpositioii  of  a  flame  hetween 
the  poles  of  an  electro-magnet,  it  was  repulsed  at  the  instant  the 
electric  current  was  closed,  to  return  to  its  first  position  the  instant 
it  was  broken. 

On  repeating  thi^  experiment  with  a  powerfol  electro-magnet, 
Faraday  ob8er\'ed : — i.  That  when  the  flame  of  a  wax  taper  was 
placed  80  as  to  rise  across  the  magnetic  axis,  it  assumed  the 
appearance  indicated  in  Fig.  232,  the  flame  being  compressed 


rip.  232. 


Pig.  233 


Pisr.  «34- 


between  the  points  of  the  poles.  2.  That  when  the  flame  was 
raised  it  became  of.  a  fish-tail  shape  (Fig.  233),  disposed  across 
the  magnetic  axis.  3.  That  when  the  flame  was  raised  until  about 
two-thirds  of  it  were  above  the  level  of  the  axial  line,  and  the 
poles  of  the  magnet  approached  within  0*3  of  an  inch  of  each  other, 
it  spread  out  on  each  side  of  the  axial  line,  producing  a  double 
flame  with  two  long  tongues,  as  shown  in  Fig.  234. 

By  repeating  and  extending  these  experiments,  Faraday  w8B 
led  to  the  discovery  that  common  air  has  a  decided  magnetic  action, 
and  that  hot  air  is  more  diamagnetie  than  cold  air.  '\^lien  a  cur- 
rent of  heated  air  was  caused  to  pass  from  an  Ignited  platinum  wire 
directly  across  the  axial  line,  it  divided  into  a  double  stream, 
ascending  on  the  two  sides  on  making  the  magnet  active,  and  at 
the  same  time  a  descending  current  flowed  downwards  towards  the 
hot  wire.  When  a  stream  of  air,  artificially  cooled,  was  directed 
downwards  a  little  on  one  side  of  the  axial  line,  it  was  attracted 
towards  it — i.e.  the  air  had  by  cooling  been  rendered  magnetic  in 
relation  to  air  at  the  ordinary  temperature. 
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Yarious  gases^  simple  and  compound,  were  examined  as  to  their 
oagnetic  conditions  by  Faraday.  His  plan  was  to  cause  the  gases 
o  pass  either  upwards  or  downwards,  according  to  their  density, 
oetween  the  magnetic  poles ;  in  their  passage  they  were  made  to 
pass  oyer  bibulous  paper  moistened  with  strong  hydrochloric  acid, 
Buid  three  catch4vhes,  in  each  of  which  was  a  piece  of  bibulous 
paper,  moistened  with  ammonia,  were  adjusted,  one  immediately 
over,  and  one  on  each  side  of,  the  axial  line.  With  this  arrange- 
ment it  was  easy  to  discover  any  effect  which  the  magnet  may 
exert  on  the  gas ;  if  no  effect  was  produced,  the  gas  would  pass 
into  the  central  tube  and  make  itself  manifest  by  the  white  fume  of 
yapour  of  chloride  of  ammonium  which  would  there  be  formed ;  but 
if  the  gas  were  more  diamagnetic  than  air,  it  would  pass  into  one 
of  the  side  tubes,  in  which,  and  not  in  the  central  tube,  the  white 
fumes  would  be  yisible.  In  this  way  it  was  proved  that,  in  rela- 
tion to  atmospheric  air,  the  following  gases  were  diamagnetic : — 
Nitrogen^  hydrogen  (strongly  so),  carbonic  acid,  carbonic  oxide, 
mtrous  oxide,  mtric  oxide,  olefiamt  gas,  coal  gas,  sulphurous  acid  gas, 
muriatic  acid  gas,  hgdriodic  acid  gas,Jluosilicon,  ammonia,  chlorine, 
iodine,  bromine,  and  cyanogen. 

The  most  striking  circumstances  in  these  experiments  were  the 
strongly-marked  diamagnetic  character  of  hydrogen,  and  the  feeble 
diamagnetic  condition  of  oxygen,  standing  as  it  does  in  this  respect 
far  apart  &om  all  other  gaseous  substances. 

Oxygen,  indeed,  is  a  magnetic  substance,  its  magnetic  force 
being  in  proportion  to  its  density.  It  is,  in  the  air,  what  iron  is  in 
the  eATiii,  and  is  in  striking  contrast  with  the  nitrogen  which 
dilutes  it  in  the  atmosphere,  and  which  is  neither  magnetic  nor 
diamagnetic,  but,  magnetically  considered,  zero.  The  high  magnetic 
condition  of  oxygen  makes  atmospheric  air  a  magnetic  medium  of 
no  small  power,  which  must  be  taken  into  consideration  when 
experimenting  on  the  diamagnetic  condition  of  other  gases.  The 
discoveries  of  the  high  magnetic  condition  of  oxygen,  and  its  varia- 
tions with  variations  of  temperature  and  density,  suggested  to 
Paraday  an  explanation  of  the  cause  of  the  variations  of  the  mag- 
[letic  force  which  are  now  so  carefully  watched  on  different  parts 
3f  the  surface  of  the  globe,  of  the  daily  and  annual  variations 
3f  the  needle,  and  of  the  relations  between  the  aurora  borealis 
emd  the  magnetism  of  the  earth.  (See  Faraday's  £xp.  Researches, 
aeries  xxvi.  and  xxvii. ;  PhU,  Trans.,  Nov.  28,  1 850.) 

(167)  Action  of  the  Magrnet  on  Metals. — For  examining 
the  action  of  magnetism  on  metals  the  apparatus  shown  in  Fig.  235 
was  employed  by  Pliicker.  The  metal  was  suspended  by  a  fine 
lilament  at  any  required  position  with  regard  to  the  magnetic  poles, 
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nod  siuTounded  with  »  gluB  cue,  so  tiiat  tlM  ezporiimiti  eonU  U 
mute  eithor  in  n  itiU  a^oapliere,  01  in  otmoeplieiM  mots  v  ha 
chnri^d  with  T&rioos  guee  uid  TspoDTB. 

Of  all  Bubstancw  hitherto  tried,  biimuth  Bfpeaxa  to  Iw  tha  mat 
emineDtly  J'8''iiF'Wif., 
^'  '^s-  ftlthongh  its  movaiMnb 

an  lather  eomplictted 
(frcna  a  cauM  labM- 
quentlj  traced  out).  It 
14^  tlierafiue,  well  miri 
tar  abowiag  theTaiion 
pbenomena  of  dium^ 
netiBm.  Each  ftrtidi 
of  the  metal  lenda  to 
Ifo  from  the  Bticmga  is 
Oie  weaker  perls  of  tin 
magnetic  field.  TUi 
ie    well    inastratsd  ir 


mnth   powder   oyer  1 
piece  of  paper  Md  mv 

the  pole  of  an  elecbn- 
maf^et  placed  ya6- 
call  J.  On  Bidtiog  tie 
magnet,  the  powder  it- 
treats  in  hoth  dim- 
oa,  inwards  and  oat- 
k  wards,  from  a  cirenkr 
I  line  just  over  the  edgt 
r  of  the  core,  leBTing  thi 
<nrcle  clear ;  ajid  at  tlu 
same  time  showing  the 
tendency  of  the  particles  of  bismuth  to  move  in  all  directiona  from 
that  hue  and  when  the  pole  h  terminated  hj  a  cone,  a  dear  line 
can  he  traced  through  the  powder,  hj  drawing  the  paper  on  whidi 
the  bismuth  ia  sprinliled  over  the  cone- 
Copper  and  some  other  metala  (ia  consequence,  probably,  of 
their  oxcellent  conducting  power  for  electric  correntB)  exhibit  amu 
remarkable  phenomena.  When  a  mass  of  copper  is  Buapeoded 
between  the  poles,  it  first  advances  towards  the  axial  line,  as  if  it 
were  magnetic  ;  it  then  suddenly  stops,  and  takes  up  a  new  posi- 
tion, from  which  it  can  only  be  removed  by  the  application  of  sojnt 
force.  Even  when  swinging  with  considerable  momentom  it  cU 
be  caught  up  and  i^tained  at  will. 
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In  order  to  fbnn  a  good  idea  of  the  arresting  power  of  those  induced  cur- 
MBta,  let  a  lump  of  solid  copper,  approaching  to  the  globular  or  cubical 
fcnn,  wwghing  from  ^  to^  a  ponnd, 
te  8iiq>ended  bj  a  long  thread ;  let  a  F!g.  936. 

npld  rotation  be  given  to  it,  and  then 
kt  it  be  introdooed  into  the  magnetic 
Md  of  a  powerfbl  electro-magnet,  as 
■bown  in  Fig.  336 ;  its  motion  will  be  ' 
iBstuitly  stopped,  and  on  trying  ftur- 
tlier  to  spin  it  whilst  in  the  field  it 
win  be  fbnnd  impossible.  Or  let  a 
disc  of  copper  be  set  in  rapid  rotation 
and  then  suddenly  introduced  into  the 
nagnetic  field,  its  rotation  will  be 
instuitly  suspended. 

Faiaday  sulsmitted  -varions  metallic  salts  to  the  action  of  the 
magnet.  All  salts  and  compounds  contuning  iron  in  the  basic  part 
were  fonnd  to  be  magnetic  both  in  the  fonn  of  crystals  and  when 
hi  solution :  ydhw  and  red  ferrocyamde  of  potassium  were,  how- 
arsr,  both  diamagnetic ;  pure  sulphate  and  chloride  of  nickel^  in 
crystals  and  in  solution,  oxide  of  chromium  and  its  salts,  chromic 
acid  and  oxide  of  titanium,  and  the  salts  of  manganese  were  mag- 
0^ ;  the  salts  of  lead,  j^atinum,  palladium,  and  arsenic,  on  the 
other  hand,  pointing  equatorially,  as  did  also  chromate  of  potash. 

An  interesting  set  of  results  was  obtained  by  filling  tubes  with 
fenuginous  solutions  of  different  degrees  of  strength,  and  suspend, 
bg  them  in  similar  ferruginous  solutions,  also  of  different  degrees 
of  strength,  between  the  poles  of  a  powerful  electro-magnet. 
When  the  solution  in  the  tube  was  stronger,  or  contained  more 
iron,  than  that  in  the  glass  in  which  it  was  suspended,  it  pointed 
axidUy ;  when  it  was  weaker,  or  contained  less  iron,  than  that  in 
the  glass,  it  pointed  equatonaUy ;  and  when  the  solutions  in  both 
tube  and  glass  were  of  the  same  degree  of  strength,  the  tube  was 
indifferent.  Iron  and  nickd  when  heated  to  a  degree  far  above 
that  required  to  render  them  insensible  to  an  ordinary  magnet,  still 
pointed  axially  between  the  poles. 

By  multiplying  these  experiments,  the  following  order  of  metals 
in  their  relation  to  the  magnetic  force  was  obtained  (0°  is  the 
medium  point  or  condition  of  a  metal  or  substance  indifferent  to 
the  magnetic  force) : — 

Mcynetic. 

Iron.  Cerium. 

NickeL  Titanium. 

Cobalt.  Pall  adium . 

Manganese.  Platinum. 

Cbromium.  Osmixim. 
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Dtamagneiie. 

■ 

Bismuth. 

Silver. 

Antimony. 

Copper. 

Zinc 

GoU. 

Tin. 

AxBenic. 

Cadmium. 

Uranium. 

Sodium. 

Khodiom. 

Mercury. 

Iridium. 

Lead. 

Tungsten. 

(i68)  The  Buppoaed  MavBe-erystttlllet  And  Optie  Axil 
roroes. — In  his  experiments  on  bismnth,  Faraday  had  noticed 
some  embarrassing  results ;  e.g.  taking  at  random  from  a  quantitj, 
four  small  cast  cylinders  of  the  metal,  and  suspending  ihem  hon- 
zontaUy  between  the  magnetic  poles,  the  first  pointed  axidly^  the 
second  equatoriaUi/f  the  third  equatorial  in  one  position,  and  cbUquek/ 
equatorial  if  turned  round  its  axis  tcP  or  60^,  the  fourtJi  equatcnJtf 
and  axiaUy  under  the  same  treatment ;  whilst  all  of  them  yrm 
repelled  by  a  single  magnetic  pole,  thus  showing  their  strong  and 
diamagnetic  character.  The  cause  of  these  Tariations  Fandaj 
traced  to  the  regularly  crystalline  condition  of  the  metallic  cyliih 
ders;  the  tendency  of  pointing  being,  that  the  line  joining  tva 
opposite  solid  angles  of  the  crystalline  group  shouldtake  up  an 
axial  position,  and  his  experiments  led  him  to  the  conclusion  tiist 
there  exists  an  impelling  force  distinct  from  the  magnetic  and  the 
diamagiietic,  and  which  he  called  the  magne-crystallic  force.  The 
subject  was  minutely  investigated  by  Pliicker,  who  drew  from  his 
experiments  the  inference  that  there  exists  a  relation  between  the 
forjHs  of  the  ultimate  particles  of  matter  and  the  magnetic  forces. 
According  to  Faraday's  view,  the  new  force  discovered  by  Pliicker 
is  an  optic  axis  force  exerted  in  an  equatorial  direction,  and  there- 
fore existing  in  a  direction  at  right  angles  to  that  which  produces 
the  magne-crvstallic  phenomena;  both  forces,  however,  having 
relation  to  the  force  conferring  the  condition  of  crystalline  stroc- 
ture,  and  having  one  common  origin  and  cause. 

(169)  BKodlfl cation  of  Kaffnetle  and  Biamarnetio  Aotloa 
by  Meobanloal  Arrangrement. — The  experimente  of  Tyndall 
and  Knoblauch  do  not  confirm  the  law  announced  by  Pliicker,  that 
*  there  will  be  repulsion  or  attraction  of  the  optic  axis  by  the  poles 
of  a  magnet,  according  to  the  crystalline  structure  of  the  crystal : 
if  the  crystal  be  a  negative  one,  there  will  be  repulsion ;  if  a 
positive,  there  will  be  attraction.'  In  some  cases  they  found  this 
law  to  hold  good,  but  in  many  others  the  results  were  opposed 
to  it. 

The  following  experiment  is  quoted  to  show  that  the  deportment 
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C  CTystalline  bodies  in  the  magnetic  field  may  be  explained  with- 
out assuming  the  existence  of  the  ^  optic  axis '  force: 

*  Take  a  slice  of  apple  rather  thicker  than  a  penny-piece,  stick  through  it 
n  a  direction  perpendicular  to  its  flat  surface  some  hits  of  iron  wire,  and 
iiang  it  in  the  magnetic  field  ;  it  will  set  itself  equatorial^  not  by  repulsion, 
Dai  by  the  attraction  of  the  iron  wires. 

*  Substitute  bits  of  bismuth  wire  for  the  iron ;  the  apple  will  now  set  axivU, 
mot  hy  attractiotiy  but  by  the  repulsion  of  the  bismuth.' 

Kow  arrangement  is  conceivable  amongst  the  particles  of  a 
magnetic  or  a  diamagnetic  body  capable  of  producing  similar  effects; 
and  if  the  magnetic  and  diamagnetic  forces  be  associated  with  the 
particles  of  matter,  the  inference  is  not  onreasonable  that  the 
otoser  these  particles  are  aggregated,  the  less  will  be  the  obstruc- 
lion  offered  to  the  transmission  of  the  respective  forces  through 
them. 

In  another  experiment,  Tyndall  and  Knoblauch  substituted  for  a 
aystal  of  sulphate  of  iron  a  model  made  of  carbonate  of  iron,  made 
into  a  paste  with  gum-water,  and  compressed  and  arranged  so  that 
the  line  of '  elective  polarity '  through  the  model  was  perpendicular 
to  the  length.  This  model,  though  magnetic,  and  strongly  at- 
tracted by  the  magnet,  actually  receded  from  it  when  made  to 
stand  between  the  flat-faced  poles  dbiiqudy.  In  the  same  way,  by 
using  bismuth  powder  they  imitated  Faraday's  experiments  with 
<ary9t€ds  of  that  metal.  Now  as  by  reducing  the  substances  to 
powder  all  symmetry  of  crystalline  arrangement  is  destroyed,  and 
the  force  among  the  particles  which  makes  them  cohere  in  regular 
order  rendered  ineffective,  it  would  seem  that  magnetism  and  dia- 
magnetism  are  clearly  modified  by  mechanical  arrangement.  The 
general  principle  is  enunciated  in  the  following  law: — 

*  If  the  arrangement  of  the  component  particles  of  any  body  be  such  as  to 
present  different  degrees  of  proximity  in  different  directions,  then  the  line 
of  closest  proximity,  other  circumstances  being  equal,  will  be  that  chosen 
by  the  respective  forces  for  the  exhibition  of  their  greatest  energy.  If  the 
mass  be  magnetic,  this  line  will  stand  ajcial,  if  diamagnetic  equatorial.^ 

Both  experiment  and  speculation  seem  indeed  to  concur  in  pro- 
nouncing the  line  of  closest  proximity  among  the  particles  to  be 
that  in  which  the  magnetic  and  diamagnetic  forces  will  exhibit 
themselves  with  peculiar  energy,  thus  determining  the  position  of 
the  crystalline  mass  between  the  poles. 

( 1 70)  BiamMffnetlo  Polarity. — The  experiments  of  Weber  and 
of  Faraday  led  them  to  different  conclusions  on  this  point,  the 
former  having  satisfied  himself  that  he  had  proved  a  polarity'  of 
bismuth  in  reverse  of  that  of  iron ;  and  the  latter  stating  that  he 
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could  find  no  evidence  of  diamagnetic  polari^  eatber  In  liii  own  j 
erperiments  or  in  tKose  by  Weber  and  R«sch.  Von  Fdlitsch,  oa  ■ 
the  othetT  band,  endeavoured  to  prove  (^Pogff-  Attn.)  that  dianiiy- 

netjc  bodies  posaeae  a  polarity  the  lame  bb  tliat  of-irofl. 

lu  this  imcerl^n  state  of  the  aubject,  the  ioTestigation  wm 
taken  np  by  Tyndall  (Report  of  the  SritiiA  Aiaociation,  1854; 
Snkerian  Lecture,  1855  ;  PAt'j.  Trant.,  1S56J.  For  ezamining  tha 
queetion  of  the  polarity  of  diamafifnetic  bodiea,  the  plan  fint  adapted. 
waa  to  caiiae  fixed  magneta  to  act  upon  a  movable  bar  of  Usnrath 
endrcled  by  an  electric  current,  and  to  note, from  the  deflectiona  of 
the  ba(,  the  character  of  the  force  acting  upon  it.  The  bar  wai 
Biiapendod  with  great  delicacy  in  the  aiis  <rf  a  helix  of  covered 
copper  wire.  Oppeuta  to  either  end  of  the  bar  waa  placed  an 
electro-magnetic  apiral,  enclosing  a  core  of  soft  iron.  The  epinlf 
were  bo  connected  tc^tbeT  that  the  same  current  excited  both,  W 
that  the  same  magnetic  strength  wae  developed  in  both  polea ;  and 
by  means  of  a  revereer  the  polarity  of  the  core  could  be  changed 
at  pleaaure.  A  current  reveraer  was  also  attached  to  the  helix' 
eticlosing  the  tnsmuth  bar,  bo  that  the  current  from  the  battsiT 
could  be  caused  to  flow  through  it  in  either  direction.  TIm 
arrangement  is  shown  in  Fig.  237, 


A  B  the  helix  enclosing  the  biamuth  bar ;  H  s  the  euda  of  the  coFea  of  the 
electro-magnets ;  n'  the  current  levaieer  of  the  spirals ;  B  the  current  re- 
rereer  of  the  helix. 


Diuuoaina  POL&Bnr. 


303 


-  Ob  nnding  ttw  oqmnt  tiuongh  tha  lulix  in  the  direction  in- 
diMted  I7  th*  Bmnr,  Qie  mgiMti  bung  to  excitod  that  tlio  x  pole 
WH  wntli  and  tho  a  pols  MVth,  tlis  bar  mored  from  ita  pontion 
'    nat  in  tiie  dnttodpo- 

Muittlmaj  attrwilMl  hj  m.  >st.       . 

On  reTMBng  Aa  poka 
•f  Aa  magnata  tho  Unnrt}!  buin- 
tlMB&j  looMd  from  tiie  pontion  it 
pannuly  oocnpied,  and  needed  fircnn 
tlie  poles :  it  irai  now  rtptUtd.  On 
Amging  the  direction  of  fhe  current 
tiuODgh  tiie  helix,  attraction  was 
igun  maidfectad.  'In  all  caaaa 
wbeje  tho  liar  was  freel;  moving  in 
ukf  directioii  andet'  the  operation  of 
finees  acting  npon  it,  tho  leveraion 
(ithet  of  the  cnnent  at  the  hoUz  or 
the  polarity  of  the  coiea  arrealed  the 
iDotian ;  approach  wm  converted  into 
leeeraon,  and  Tecceoon  into  apptoach.' 

lyodall  Miheequentlj  inveetigated 
tiiis  subject  vrith  an  appai&tns 
land  on  difTcrent  principles,  nnd 
cooatnicted  (from,  a  plan  foioiBhed 
bj  Weber)  by  Lejser,  of  Leipeic. 
The  diamagnetic  bar,  mutably  ex- 
cited, is  permitted  to  act  npon  an 
astatic  s^t«m  of  steel  magnets,  and 
from  the  deflections  of  the  system  the 
polarity  of  the  tar  ia  inferred. 

The  apparatus,  and  the  vorking 
of  its  various  parts,  will  be  under- 
stood by  reference  to  Fig,  238.  b  o, 
I*  0'  is  the  outline  of  the  reiitangular 
case,  the  ftont  of  which  is  removed 
to  show  the  appaiatuB  within ;  d  s' 
are  the  screw-bolaa  by  which  the 
boi  is  firmly  fixed  to  the  wall  j  H  b, 
f  B*  are  two  copper  wire  helices 
wound  round  two  brass  reels,  the 
upper  ends  of  which  protrude  from  h  to  e  and  from  s'  to  s' ; 
w  V  are  grooved  wheels,  to  the  Btrinp^  of  which  are  attached  the 
cylinders  m,  n,  o,pat  the  body  to  be  examined;  s  s  is  a  cross- 
lar  of  bras^   throi^i  the  ceutre  of  which  the  ecrew  R  passes 


304  DiAMkamsnau. 

from  which  the  astatic  system  of  magnets  B  v  is  suspended  by  aSk 
fibres ;  the  black  circle  in  front  of  the  magnet  b  K  is  a  mirror,  and 
the  rectangle  daytTe^iB  the  outline  of  a  copper  damper,  which 
owing  to  the  currents  induced  in  it  by  the  motion  of  the  magnets^ 
soon  brings  the  latter  to  rest,  and  thus  expedites  the  experiment 
The  following  are  the  details  of  an  experiment : — 

The  bismuth  c^'linders  were  3  inches  long  and  0-7  of  an  inch  in  diameter, 
and  were  chemically  pure.  A  curreut  from  a  single  cell  of  Grove's  batteiy 
being  caused  to  circulate  in  the  helices,  the  cylinders  ramaining  in  their 
centres,  as  in  the  figure,  the  cross  wire  of  the  telescope  cot  the  number  650 
in  the  scale.  Turning  the  wheel  w'  so  as  to  ndse  the  (ylinder  m  a,  and  de- 
press the  cylinder  op,  the  magnet  promptly  movedL  and  after  some  osdlls* 
tions  took  up  a  new  position  of  equilibrium,  the  cross  wire  of  the  telescope 
then  cutting  670  on  the  scale.  Reversing  the  motion  00  as  to  place  the 
cylinders  again  central,  the  former  position,  650°,  was  araumed ;  on  toniing 
further  in  the  same  direction,  so  as  to  depress  m  n  and  raise  op,  the  position 
of  equilibrium  of  the  magnet  was  at  the  number  630°. 

Hence  bv  bringing  the  two  ends  11  and  o  to  bear  upon  the  astatic  magnet 
the  motion  was  from  smaller  to  greater  numbers,  the  position  of  rest  iMing 
then  20°  greater  than  when  the  bars  were  centraL  By  bringing  the  endi 
m  and  n  to  bear  upon  the  magnet,  the  motion  was  fh>m  greater  to  smaller 
numbers,  the  position  of  rest  being  90°  less  than  when  the  bars  were  oentiaL 

When  the  current  was  caused  to  flow  through  the  helices  in 
the  contrary  direction,  an  opposite  result  was  obtained.     Thus — 

The  bismuth  cylinders  being  in  the  centres  of  the  helices,  the  cross  wire 
of  the  telescope  cut  the  number  482  on  the  scale.  Turning  the  wheel  so  tt 
to  raise  m  n  and  depress  o  p,  the  cross  wire  cut  468 ;  reversing  the  motion 
80  as  to  place  the  cylinder  again  central,  the  former  position  of  483  wu 
assumed,  and  on  turning  further  in  the  same  direction,  so  as  to  depress  n» 
and  raise  o  p,  the  number  became  493.  In  this  case,  therefore,  the  first 
motion  was  from  greater  to  smaller  numbers,  and  the  last  from  smaller  to 
greater. 

Cylinders  of  copper,  antimony,  heavy  glass,  marble,  and  many 
other  substances,  were  submitted  to  experiment  with  this  appara- 
tus, and  with  all  marked  deflections  were  produced.  Liquids, 
both  magnetic  and  diamagnetic,  were  included  by  Tyndall  in  tliis 
examination,  and  the  polarity  of  both  was  established. 
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MAGNETO-ELECrrRICITY. 


Induction  hy  Voltaic  Cnrrentc — Magneto-electric  Induction — ^Terrestrial 
Magneto-electric  Induction — Development  of  Magnetism  by  Rotation — 
Faraday*8  Researches — ^The  Magneto-electric  Machine — Applications  of 
Magneto-electricity — Dynamo-electric  Machines — Application  to  tfie 
Explosion  of  Mines  and  Sabmarine  Charges — Abel's  and  other  Fuses — 
Theory  of  the  Magneto-electric  Machine — ^Extra,  Secondary,  and  other 
Currents — Induction  Coil  and  Inductorium — Phenomena  of  the  Induced 
Current— Stratification. 

(171)  Indnetton  by  Voltaic  Onrrents. — When  a  current  from 
A  bftttery  is  sent  through  a  metallic  wire,  it  induces  a  wave  of 
electrici^  in  a  second  wire,  forming  a  complete  circuit,  and  placed 
parallel  to  it^  both  at  the  moment  when  contact  with  the  battery 
is  made  and  when  it  is  broken ;  but  while  the  electricity  continues 
to  flow  through  the  first  or  inducing  wire,  no  inductive  efiect  on 
the  second  wire  can  be  perceived. 

The  direction  of  the  induced  wave  produced  on  breaking  battery 
contact,  is  the  reverse  of  that  produced  on  making  contact ;  in  the 
^ormer  case  it  is  in  the  same  direction  as  the  battery  current,  in 
the  latter  case  it  is  in  the  opposite  direction. 

Let  a  considerable  length  of  silk-covered  copper  wire  be  wound  round  a 
block  d  wood ;  and  let  a  second  similar  length  of  wire  be  arranged  as  a  spiral 
between  the  coils  of  the  first ;  let  the  ends  of  this  second  coil  be  connected 
with  a  small  helix  of  fine-covered  copper  wire  surrounding  a  small  glass 
tube,  in  the  axis  of  which  is  placed  a  common  sewing-needle.  On  causing 
the  current  from  a  simple  voltaic  circle  to  pass  through  the  first  coil,  and 
removing  the  needle  from  the  helix  before  breaking  contact  with  the  battery, 
it  will  be  found  to  be  magnetised.  Let  a  second  needle  be  introduced  into 
the  helix,  and  let  battery  contact  be  then  broken,  this  needle  will  also  be 
found  to  be  a  magnet,  but  with  its  poles  in  a  contrary  direction  to  those  of 
the  first  needle.  Let  the  needle  remain  in  the  helix  during  the  time  of 
making  and  breaking  battery  contact,  it  will  be  found  to  have  acquired  very 
feeble  magnetic  properties. 

(172)  Mafoeto-electrio  Zndnction. — Similar  waves  of  elec- 
tricity are  induced  in  wires  by  ordinary  magnets  without  the 
intervention  of  any  voltaic  arrangement.  Thus,  if  a  considerable 
length  of  covered  copper  wire  be  wound  round  a  pasteboard  cylinder, 
containing  in  its  axis  a  bar  of  soft  iron,  and  its  ends  connected 
with  a  galvanometer,  the  needle  of  the  latter  will  be  affected  in 
one  direction  on  bringing  the  opposite  poles  of  two  strong  bar 
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msgnetB  into  contact  with  the  ends  of  tlia  iron  bar  in  tho  mumK 
shown  in  Fig.  239,  and  in  the  leyene  direction  on  lemoving  the 
mafpiets.  Or,  rejecting  the  use  of  soft  iiou,  if  the  «ndt  of  the 
iielix  be  connected  with  a  galTsnometer,  and  either  pole  of  ft  nrong 


bar  magnet  be  thrust  into  ita  axia  (in  tlie  maouer  shown  in  fig. 
340),  the  needle  will  be  immediately  deflected ;  it  will  soon,  how- 
ever, resume  lis  original  pomtion;  on  withdrawing  il^  a  oecoiid 
disturbance  of  the  needle  in  the  opposite  direction  will  take  place. 


With  a  very  strong  magnet,  induced  currents  are  evinced  !)}'  ^^^ 
galTanometer,  by  bringing  tJie  magnet  near  but  not  touching  the 
end  of  (be  helix. 

(173)  Terreatrial  MaKneto-eleotrte  Znduetton.— When  a 

piece  of  pure  soft  iron  is  held  in  the  ditcction  of  the  dip  of  tbe 
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naedlBi  it  lieoomes  pro  tenyMre  a  magnet,  iti  lower  end  acquiring 
aN.  pdbrity;  if  the  bar  be  inverted,  ti^  polarity  is  at  the  same  time 
«J»Mg«^     If  Boeh  a  bar  be  placed  in  the  axis  of  a  coil  of  ynre,  the 
flade  of  which  aie  connected  with  a  galvanometer,  held  in  the  line  of 
the  dip,  and  then  anddenly  inverted,  the  needle  is  deflected,  prov- 
ing the  evolutioii  of  a  current  of  electricity  from  the  magnetism 
rf  the  eaztli.    With  a  somewhat  larger  coil  the  iron  bar  may  be 
fispenaed  with,  and  by  canring  a  plate  of  copper  to  rotate  in  a 
honaontal  plane,  electric  phenomena  may  be  produced  without 
WBj  otiier  magnet  than  the  earth.    When-  the  plate  revolves  in 
iSm  mane  direction  as  the  handa  of  a  watch,  the  current  of 
eleefaridty  is  from  the  centre  to  the  circumference^  when  in  the 
emirm  y  direction,  the  current  is  from  liie  circumference  to  the 
cantze.    In  &ct,  it  has  been  shown  by  Faraday  that  it  is. a  conse- 
qnenoe  of  the  universality  ol  the  magnetb  influence  of  the  earth, 
Ihat  scarcely  any  piece  of  metal  can  be  moved  in  contact  with 
(vflksrs,  either  at  rest  or  in  motion,  with  different  velocities,  or  in 
mying  directions,  without  an  electric  current  existing  within 
tium.  In  the  building  of  one  of  our  men-of-war,  made  of  iron  plate, 
it  ms  fraud  tbat  there  was  no  regularity  in  her  compasses,  and 
in  no  case  were  they  reliable  without  the  greatest  external  cor^ 
leetion  ever  given.    On  investigating  the  circumstances  it  was 
noticed  that  the  ship  had  been  built  in  a  N.  and  S.  position.    The 
iion  hull  had  therefore  obtained  the  characteristics  of  a  magnet, 
which  became  intensified  bj  the- constant  hammering  of  the  plate, 
extending  over  a  period  of  many  months. 

(174)  development  of  Mairnetiein  by  Rotation. — In  the 
year  1824  Arago  conceived  the  idea  of  studying  the  oscillations 
of  a  magnetic  needle  when  placed  above  or  near  any  body  what- 
eyer.  Having  suspended  a  magnetic  needle  above  a  metal,  or  even 
water,  and  caused  it  to  deviate  a  certain  number  of  degrees 
from  its  normal  position,  it  began,  when  left  to  itself,  to  oscillate 
in  arcs  of  less  and  less  amplitude,  as  if  it  had  been  placed  in  a 
resisting  medium ;  and  it  was  further  noticed  that  the  diminution 
in  the  amplitude  of  the  oscillations  did  not  alter  the  number  that 
were  performed  in  a  given  time. 

It  next  occurred  to  Arago  to  try  whether  the  needle  would  be 
dragged  along  by  rotating  the  plates  which  had  the  power  of 
diminishing  the  amplitude  of  its  oscillations.     This  conjecture 
was  confirmed  by  experiment,  for  on  causing  discs  of  varioup 
metals  to  revolve  with  different  velocities  underneath  a  ne*^® 
suspended  by  a  fibre  of  silk,  a  sheet  of  paper  intervening  b^-^^©^ 
the  needle  and  the  disc,  the  needle  was  drawn  out  of  the  uagnetic 
meridian  the  insteni  the  disc  began  to  revolve,  with*  degree  of 

x2 
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force  proportional  to  the  Telocity  of  the  rotation ;  and  when  tlui 
wa0  reiT  rapid,  the  magnetism  of  the  earth  was  OTerpowered,  ud 
the  needle  continued  to  turn,  following  the  motion  of  the  disc 
On  reversing  the  direction  of  the  rotation  of  the  disc,  the  needle 
gradually  returned  to  its  normal  position,  and  then  commenoed 
rj^rating  in  the  contrary  direction.  It  was  further  noticed  bj  Artgo, 
that  when  the  plates  had  portions  cut  out  in  the  direction  of  the 
rsdii.  their  action  on  the  needle  was  diminished. 

^\'hen  a  circular  di^c  of  copper  was  suspended  aboire  a  stronjr 
horseshoe  magnet,  placed  yerticaUy,  with  its  poles  uppermost,  and 
SLdkie  to  revolre  rapidly  roimd  its  axis  of  symmetry,  Babhage  and 
lUricht^I  found  that  the  plate  began  to  turn  in  the  same  directioo, 
s:  ir«:  slowly,  but  afterwards  with  an  increased  velocity.    When 
'.'m  azdurwt  was  made  to  turn  in  an  opposite  direction,  the  disc  of 
.-.-Tcvr  ^-juir^^^d  the  direction  of  its  motion  also.     Plates  of  Tarious 
-j^-^:x5.  ;r  .*:'  rla^i,  interposed  between  the  magnet  and  the  ^m, 
ti-i  7'-:  Af=i«:b>  modify  the  results,  but  a  sheet  of  tissue  iron 
^«ft*:>  .v-v-lrishcd  the  influence  of  the  magnet,  whUe  two  such 
7i;>.v*  LTT'.-str  i<f*:rcved  it.     Babbage  and  Herschel  also  found  that 
-.|i#   :  l4ti'^fr  ::  rvv  'lutions  performed  by  the  disc  in  a  given  time 
'^-w^  r^^»^^  jL-?ic:^  by  cutting  the  plate  through  in  the  direction 
^^     :.h»  ^»c:     •♦rf  iowlerating  forces  diminishing  with  the  number 
^,  .'I  ■'  .T^  ..  .vrtizjirr  in  the  disc 
.  t*.-^  -   •  . .  1*    .-;-:r:«y  to  the  observations  of  Babbage  and 
♦-'"if  *::i.\5<««r5  of  copper,  silver,  and  zinc  sensibly 
Jw^fT  .^  ::=:ie.  arrested  altogether  the  motion  of 


I 


<» 


•  •  I 
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* .    l>*:«£%2r^  Sxylanatton  of  Arairo's  Sotationa.— All 

^/     -*  '•>  .' »    .'  >:>>:  -■  :\i  .s  Satisfactory  explanation  from  the  di?- 
'*  ~  ,-»  ^   '    *  *►••»«•  i.       :i;-  '-A5  shown  that  when  a  piece  of  metal 
^  .,,  ;i.-    :c  .'.  s-  :;.-  :*  v--..vr\i  acxviss  the  lines  of  magnetic  force/ 
'   ■'*  "■■■^'>    -■  *•*■''   A  .•.".r^r.::  of  electricity  produced  in  it : — 

—      ^     r  .    --^  .     :-.  v.-v-.: -:  4  r^vneiic  pole,  and  over  it  a  circuit  be 

>ii-.v.  i::i  wb:»h  at  tiret  is  in  position  c;  then  if 

:C'i   .i:>o~  =  into  poi«ition   i,  or  in  the  contrarj- 

•^  ^*  .-  ,:.  T  i  -r  5 :  or  if  the  first  position,  c,  be  re- 


». 


»  > 


■•"    .A  :.i:tf  .•:  itTd^.tTio  force  is  *  that  line  which  a  verj- 

.   ^  "•  *■'■*  *=  -*  ^*  n-.^vtvi  in  any  direction  correspondent 

...  -*       •     '  •-    '-^    -v.-  -  :*  .vr>*:ar.::y  a  tanjront  to  the  line  of  motion : 

-'   ..    •      ^  "*  '  ■  ■    ■  ■*  -"^"-^v-rse  wire  bo  moved  in  either  direction, 

J  ',     ^    •         '  .    -  ■  "  ^-'  ■'  -- '•  :- ••-vi::..ii  ..f  any  current  in  the  wire,  whilst  if 

*^""  ^  ,  -  -  *  •      ^-^  "  ■;'  •■^-'^'■v  :*  *u.h  a  rendrnoy.    The  direction  of  these 

(i7S^      -      ^--  -  ■'^■";"^-"  •"::-*-*>;  =-.^"ier*  £*  easily  represented  in  a  general 

"•^oce  of  p '' '  -.  j^    i   "M -.::-j;^    \^ti:.  Tmns.   1S52). 
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tallied,  and  the  pole  moye  to  or  towards  the  position  n,  then  an  electric  cur- 
rent will  be  produced  in  the  drcnit  having  in  every  case  the  tame  directioa, 
being  that  marked  by  the  arrows.  Reverse  motions  give  currents  in  the 
reverse  direction. 


Fig. 241. 


-  Let  a  copper  disc  (Fig.  242)  be 
mounted  on  an  axis,  and  furnished 
with  a  handle  for  giving  it  motion ; 
let  t0  «/  be  two  copper  wires,  the 
one  retained  in  perfect  metallic 
contact  with  the  axis,  and  the 
other  with  the  circumference  of  the 
disc.  Let  a  powerful  horseshoe 
magnet  be  placed  so  as  to  allow 
of  the  revolution  of  the  disc  be- 
tween its  poles,  and  let  the  wire^ 
be  connected  with  a  galvanometer, 
p ;  the  wire  w'  is  retained  on  the 
circumference  of  the  disc  at  the 
point  between  the  poles  of  the 
magnet. 

When  this  machine  is  made  to  revolve  from  right  to  left,  a  current  of  elec- 
tricity is  determined  from  the  centre  to  the  circumference,  in  the  direction 

Fig.  343. 


of  the  arrows,  and  the  needle  is  deflected  accordingl}'.  If  the  revolution  of 
the  disc,  or  the  poles  of  the  magnet,  be  reversed,  the  electric  current  moves  in 
an  opposite  direction ;  when  the  plate  is  at  rest,  there  is  no  disturbance  of 
the  needle  of  the  galvanometer. 

The  direction  of  the  current  of  electricity  which  is  excited  in 
a  metal  when  moving  in  the  neighbourhood  of  a  magnet,  depends 
upon  its  relation  to  the  magnetic  curves.  The  following  popular 
expression  of  it  is  given  by  Faraday : — 
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Lot  A  B  (Fig.  243)  represent  a  cylinder  magnet,  ▲  being  the  mariDedind 
B  the  unmarked  pole ;  let  p  n  be  a  silver  knife-blade,  retting  acron  the 
magnet  with  its  edge  upward,  and  with  its  marked  or  notched  side  towardi 
the  pole  A  ;  then  in  whatever  direction  or  position  this  knifb  be  moved  edge 

foremost^  either  abont  tlie 
Fig.  343.  -narked  or  unmarked  pole. 

the  enrrent  of  electridtr 

• 

piodaoed  will  be  from  p  to 
N, provided  the  interNCtiiig 
corves  proceeding  from  a 
abnt  upon  the  notched  rar- 
faoe  of  the  knife,  and  thoae 
f rom  «  upon  the  onnotched 
side ;  or  if  the  knife  be 
mov«d  with  its  back  fore- 
most, the  cmient  will  be 
from  K.to  p-in  every  pos- 
sible podtiea  and  direction, 
provided  the  intersected 
curves  abut  on  the  same  surface  as  before.  •  A  little  nM)del  is  easily  con- 
structed by  using  a  cylinder  of  wood  for  a  magnet,  a  flat  piece  for  the  Uade, 
and  a  piece  of  thread  connecting  one  end  of  the  cylinder*  with  the  other, 
and  passing  through  a  hole  in  the  blade,  for  the  magnetic  carves ;  this  readily 
gives  the  result  in  ever^'  possible  direction. 

Whenever,  therefore,  a  metallic  plate  is  caused  to  revolve  in 
the  neighbourhood  of  a  magnet,  or  vice  versd,  electrical  currents 
are  determined  from  the  centre  to  the  circumference,  or  from  the 
circumference  to  the  centre,  in  the  direction  of  the  radii ;  and  the 
effect  is  precisely  the  same  as  in  electro-magnetic  rotations,  and 
is  governed  by  the  following  law : — 

If  a  wire,  p  n  (Fig.  244),  be  connected  with  the  positive  and  negative 
ends  of  a  voltaic  battery,  so  that  the  positive  electricity  shall 
Fig.  244.  pass  from  p  to  n,  and  a  marked  magnetic  pole,  y,  be  placed 

u.v  near  the  wire,  between  it  and  the  spectator,  the  pole  will  move 

in  a  direction  tangential  to  the  wire,  that  is  towards  the  righti 
and  the  wire  will  move  tangentially  towards  the  left,  accord- 
ing to  the  direction  of  the  arrows. 

So  also  when  a  plate  of  metal  is  made  to  rotate  beneath  a 
magnetic  pole  (suppose  a  n  pole),  a  series  of  currents  of  elec- 
tricity will  pass  from  the  centre  to  the  circumference  of  the 
plate  if  it  is  rotating  in  the  direction  of  the  hands  of  a  watch, 
or  from  the  circumference  to  the  centre  if  it  is  rotating  in  tbe 
coutrar}'  direction  ;  and  it  is  at  once  evident,  according  to 
the  above  law,  that  both  magnet  and  plate  must  move  in  tbe 
same  direction  ;  it  is  also  evident  why  the  phenomena  cea<e 
when  the  magnet  and  metal  arc  brought  to  rest,  for  then  the 
electrical  currents  cease.    The  effects  of  a  solution  of  the  continuity  of  tbe 
disc  in  the  experiments  of  Babbage  and  Ilcrschel  are  likewise  readily 
explained. 
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ELECTRIC   SPARK   FROM   THE   MAGNET.  3II 

(176)  Zleotrio  Spark  from  the  Magnet. — (a)  From  a  Natun 
red  Magnet. — This  was  first  obtained  in  this  country  from  a  natural 
magnet  by  Professor  Forbes,  of  Edinburgh  (March  30,  1832),  but 
it  appears  that  the  first  document  giving  an  account  of  the  excita- 
tion of  a  spark  from  a  permanent  magnet  is  by  Signor  Nobili,  and 
another  dated  from  the  museum  at  Florence,  Jan.  31,  1832.  The 
experiment  of  Forbes  was  arranged  as  shown  in  Fig.  245  : — 

A  is  a  powerful  natural  magnet  or  loadstone  capable  of  supporting  170  lbs. ; 
a  6  a  cylindrical  coHector  of  soft  iron  passing  through  the  axis  of  the  helix 
c,  and  connecting  the  poles  of  the  magnet.  Accuracy  of  contact  was  found 
to  be  of  considerable  importance  to  the  success  of  the  experiment,  and  one 
side  of  the  cylinder  was  carefully  formed  to  a  curve  of  about  2  inches  radius 
for  this  purpose.    Great  advantage  was  found  from  the  use  of  a  mechanical 

Rg.  a4S 


guide,  not  represented  in  the  figure,  to  enable  an  assistant  to  bring  up  the 
connector  rapidly  and  accurately  to  the  magnet  in  the  dark. 

The  helix  c  consisted  of  about  150  feet  of  copper  wire,  about  ^<;  of  an  inch 
in  diameter,  was  7^  inches  long,  and  was  arranged  in  4  layers,  which  were 
carefully  separated  by  insulating  partitions  of  cloth  and  sealing  wax.  The 
one  termination,  de,  of  the  wire  passed  into  the  bottom  of  the  glass  tube  h, 
half-filled  with  mercury,  in  which  the  wire  terminated,  and  the  purity  of  the 
mercurial  surface  was  found  to  be  of  great  consequence.  The  other  extre- 
mity,/, of  the  heliacal  wire  communicated  by  means  of  the  cup  of  mercury » 
with  the  iron  wire  g,  the  fine  point  of  which  may  be  brought  by  the  hand 
into  contact  with  the  surface  of  mercury  in  A,  and  separated  from  it  at 
the  instant  when  the  contact  of  the  connector  a  h  with  the  poles  of  the 
magnet  is  effected.    The  spark  is  produced  in  the  tube  h. 

The  success  of  this  experiment  obviously  depends  on  the 
synchronism  of  the  production  of  the  momentary  current  by 
connecting  the  magnetic  poles  and  the  interruption  of  the  circuit 
at  the  surface  of  the  mercury ;  with  a  little  practice,  Forbes  was 
able  to  produce,  for  many  times  in  succession,  at  least  two  sparks 
from  every  three  successive  contacts. 


312 


iiAOHXTO-sLBcnacnT, 


(i)  From  <m  Art^cial  Magiui. — The  nugnatic  ipuk  m;  le 
produced  with  gteat  esM  and  eertaiiitj  from  ku  ulifldtl  migngt 
of  moderate  itrength,  bj  emplojing  the  litUe  arruigemeiit  ihovi 
in  Fig.  246.   It  conaists  merely  of  a  cylinder  of  Mft  iron,  lemtd  tita 
centre  of  whidi  ia  wound  a  bw  feet  rf 
Tig.  n\  itunlated  oopper  wire ;  to  one  and  at 

this  wire  ia  aoldered  a  amall  div  of 
coppei,  which  ia  wall  amalganiatad ;  the 
other  end  ia  bent  ap,  the  pcnnt  ckaoed 
and  amalganiated,  and  brouf^ht  into  cm- 
tact  with  the    diae.      On  lajing  tbii 
cylinder  aerosa  die  polea  of  the  magnrt, 
and  then  suddenly  Ineaking  oontaet,  tha 
point  and  the  diae  hecome  sepamted  tt 
the  aame  time,  and  the  apark  appear*. 
(r)   From  an  Electro-moffrui. — Round  the  soft  iron  lifter  of  ■ 
horseshoe  electro-magnet  capable  of  cairjing  from  i ;  Ihs.  to  30  Ibi., 
tenortwelvefeetofinsutatedcopperwiTearewound.  TothewdaDf 


the  coU  two  thick  copper  wires  are  to  be  aoldered,  in'order  to  form 
a  complete  metallic  circuit  when  the  lifter  is  in  contact  with  the 
poles  of  the  magnet.  The  magnet  is  mounted  polea  upward  on  s 
wooden  stand,  having  a  pillar  with  an  arm  or  lever  pasuug  througli 
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I  mortice  in  the  top  of  it,  for  the  purpose  of  removing  by  a  sudden 
jerk  the  lifter  from  the  poles  of  the  magnet. 

In  front  of  the  magnet  a  glass  tube  is  fixed,  having  its  top  closed 
by  a  cap  of  boxwood,  through  which  the  copper  wires  soldered  to 
the  extremities  of  the  coil  pass  as  near  air-tight  as  possible  into 
the  glass  tube ;  the  end  of  one  wire,  being  flattened,  is  bent  at 
ight  angles  and  well  amalgamated.  The  other,  which  is  straight, 
Jan  be  brought  down  or  removed  from  it  by  means  of  the  lever. 
Che  whole  arrangement  will  be  readily  understood  by  an  inspec- 
iion  of  Fig.  247. 

The  mixed  gases  are  introduced  into  the  tube  o  by  meaiis  of  a  bent  or 
lexible  tube.  On  giving  the  lever  e  a  smart  blow  with  the  palm  of  the 
land  the  iron  lifter  A  b  is  suddenly  removed  from  the  poles  of  the  magnet,  a 
nirrent  of  electricity  is  induced  in  the  coil,  contact  between  the  wires  in  the 
nbe  o  is  broken,  a  spark  appears,  and  the  gases  are  immediately  exploded. 

(177)  Tbe  Maffneto-^eotrlo  ncaohlne. — The  first  instrument 
oj  which  a  rapid  succession  of  sparks  could  be  obtained  from  a 
permanent  magnet  was  invented  by  Hippolyte  Pixii^  of  Paris,  and 
was  first  made  public  at  the  meeting  of  the  Academy  of  Sciences, 
on  Sept.  3,  1832.  In  June  1833  Mr.  Saxton  exhibited  his 
Improvement  on  Fixii^s  machine,  and  in  1835  he  added  to  the 
machine  the  double  armature,  with  which  he  could  produce,  at 
pleasure,  brilliant  sparks  and-  strong  heating  power,  or  violent 
shocks  and  chemical  decomposition. 

Saxton's  machine^  as  lately  constructed,  is  shown  in  Fig.  248. 
Pigs.  249,  250,  251,  252,  253,  254,  show  the  different  arrangements, 
ind  their  application  to  illustrate  various  electrical  phenomena. 
rhe  letters  in  Fig.  248  answer  to  the  same  in  the  other 
igures: — 

A  is  a  compound  horseshoe  magnet,  composed  of  six  or  more  bars,  and 
npported  on  the  rests  b  e,  which  are  screwed  firmly  on  the  board  b  d  ;  into 
he  rest  e  is  screwed  the  brass  pillar  c,  carrying  the  wheel  /,  having  a 
pxx)ve  in  its  circumference,  and  a  handle  by  which  it  can  be  readily  revolved 
m  its  axis.  A  spindle  passes  from  one  end  of  the  magnet  to  the  other, 
3etween  the  poles,  and  projects  beyond  them  about  three  inches,  where  it 
^rminates  in  a  screw  at  k,  to  which  the  armatures,  to  be  described  imme- 
liately,  axe  attached ;  at  the  farther  extremity  is  a  small  pulley,  over  which 
I  gat  band  passes,  by  means  of  which,  and  the  multiplying  wheel  /,  the 
irmatures  can  be  revolved  with  great  rapidity. 

The  armatures  or  inductors,  as  seen  at  f,  are  nothing  more  than  electro- 
nagnets.  Two  pieces  of  round  iron  are  attached  to  a  cross  piece,  into  the 
centre  of  which  the  spindle  h  screws.  Round  each  of  these  bars  is  wound  in 
I  continuous  circuit  a  quantity  of  insulated  copper  wire,  one  end  being 
oldered  to  the  disc  i,  the  other  connected  with  the  copper  wire  passing 
hrough,  but  insulated  from  it  by  an  ivory  ring.  By  means  of  the  wheel 
ind  spindle  each  pole  of  the  armature  is  brought  in  rapid  succession  opposite 
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■lighter  iron,  and  oovered  with  from  i.oa 
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The  quantity  armature  is  adapted  for  exhibiting  the  spark  (Fig.  248),  in- 
^Qcing  magnetism  in  soft  iron  (Fig.  249),  heating  platinum  wire  (Fig.  250), 
igniting  charcoal  points  (Fig.  251),  scintillating  steel  on  a  file  (Fig.  252), 

Fig.  251. 


Fig.  253. 


The  intensity  armature  is  best  adapted  for  administering  the  shock  (Fig. 
354),  and  for  e^cting  chemical  decomposition  (Fig.  253). 

'th^  flood-cup  is  that  part  of  the  instrument  to  which  the  different  appa> 
ratus  used  to-illustrate  the  yarious  {Phenomena  are  attached.    The  one  here 

*Fig.  254. 


represented  can  be  used  either  with  or  without  mercury.  It  consists  of  a 
square  block  of  wood  supported  on  a  stand,  capable  of  being  raised  or  lowered 
to  the  height  required.  Two  hollows,  r  and  «,  are  made  on  the  top,  into 
which  mercury  is  put  when  that  medium  is  required,  the  round  metal  disc 
i  (Fig.  248)  reyolves  in  «,  and  the  point  k  just  dips  into  r ;  the  wire  fork  n 
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connects  the  two  floods  of  mercary  together.  On  lerolying  the  annttsre, 
contact  18  continually  broken  and  renewed  at  the  point  k,  and  a  noooBoa 
of  sparks  forming  almost  oontinnoiiB  light  is  produced.  Two  pieces  of  stout 
tirass,  m,  bent  at  two  right  angles,  are  fixed  to  the  sides  of  the  wood  block, 
but  insulated  from  each  other ;  to  these  are  attached  binding  screws,  whidi 
answer  in  every  respect  the  same  purpese  as  mercniy. 

(178)  Application  of  Maffnoto-oleetrlflltir  to  ttk^  Vrodne- 
tion  of  light. — This  is  due  to  Mr.  Holmes,  who  exhibited  an 
eifectiye  arrangement  for  the  purpose  in  the  International  Exhibi- 
tion of  1862,  which  is  thus  described  in  the  Jwrori  Heport : — 

^  The  currents  are  induced  by  the  rapid  passage  of  coils  of  copper 
wire  woimd  round  soft  iron  cores,  between  the  poles  of  poweiM 
horseshoe  magnets.  The-  alternately  inverted  currents  produced 
in  this  manner  are  transmitted  by  means  of  a  commutator  in  one 
direction  only,  through  the  carbon  electrodes  of  an  electric  lamp 
somewhat  similar  in  principle  to  that  of  Dtiboscq  (131).  There  an 
eighty-eight  coils  arranged  on  two  parallel  rings,  each  containing 
forty-four  equally-spaced  bobbins ;  the  rings  are  fixed  in  the  rim  of 
a  large  wheel,  about  five  feet  in  diameter,  the  axes  of  the  coils 
being  parallel  to  the  axis  of  the  wheel.  The  wheel  is  driven  it 
about  1 10  revolutions  per  minute.  The  horseshoe  magnets  are  fixed 
on  a  frame  round  the  circumference  of  the  wheel  in  three  plazM  er 
rings  of  twenty-two  each.  The  two  poles  of  each  magnet  aie  in 
one  and  the  same  plane  or  ring..  The  distance  between  their  poke 
is  equal  to  the  distance  between  the  bobbins  or^coils.  The  magnets 
in  the  two  outside  rings  have  similar  poles  opposite  one  another. 
The  magnets  of  the  inner  ring  are  placed  with  opposite  poles  facing 
the  similar  poles  of  the  outer  rings.  The  two  outside  rings  haie 
compound  magnets  of  four  plates ;  the  magnets  of  the  inner  ring, 
between  the  two  sets  of  bobbins,  have  six  plates.  The  weight  of 
each  plate  is  six  pounds.  The  distance  between  the  successive  mag- 
nets corresponds  to  the  distance  between  the  centres  of  the  coilB, 
80  that  each  alternate  coil  has  a  core  magnetised  in  the  opposite 
direction,  but  the  wires  are  so  connected  that  the  currents  flow  in 
the  same  direction.  The  length  of  the  hollow  iron  core  inside 
each  bobbin  is  3 J  inches ;  itsextemal  diameter  i  J  inch ;  its  inte> 
nal  diameter  i  inch  ;  two  copper  wires  o'i48  inch  diameter,  forty- 
five  feet  long,  are  wound  round  each  core,  and  connected  in  douUe 
arc  ;  these  wires  are  equivalent  to  one  wire  0*2  inch  diameter  of 
the  same  length.  The  core  and  brass  bobbin  are  split  to  prevent 
useless  currents  outside  the  coils. 

'As  the  wheel  revolves,  each  core  continually  changes  its  polarity 
as  it  passes  between  the  alternating  poles  of  successive  pairs  of 
magnets.    This  change  of  polarity  occurs  forty-four  times  for  each 
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eoil  of  each  ring ;  the  change  is  simiiltaneous  for  all  the  coiU  in 
one  ringi  but  the  moment  of  maximum  change  of  one  ring  corre- 
tfondu  to  the  moment  of  minimum  change  in  the  other.  All  the 
coils  of  each  ring  sre  connected  in  series^  and  it  will  be  seen  from 
the  above  description,  that  each  ring  will  induce  forty-four  distinct 
conents,  each  due  to  forty-four  coils  during  each  revolution  of  the 
wheel.  The  coUs  of  both  rings  are  connected  with  an  ingenious 
eommutator,  by  which  they  are  so  combined  that  the  induced 
eorrents  shadl  continually  pass  in  the  same  direction  through  the 
carbon  electrodes  of  the  lamp,  although  passing  in  four  distinct 
Biiocessive  comhinations  through  the  coils. 

'  As  already  stated,  the  maximum  current  from  one  ring  corre- 
■ponds  vrith  the  minimum  current  from  the  other,  and  as  each 
ennent  lasts  a  very  sensible  time,  during  which  it  gradually  rises 
and  falls,  their  combination  does  not  simply  produce  twice  the 
'namber  of  sparks  that  would  be  obtained  from  one  ring  of  coils, 
Vat  a  nearly  constant  and  uniform  current,  in  which  the  fall  of 
the  current  from  one  series  of  coils  is  almost  exactly  compensated 
hj  the  rise  of  the  current  from  the  other.  As  each  revolution 
mdaces  eighty-eight  distinct  currents,  the  machine,  when  driven 
at  the  speed  mentioned,  sends  9,680  currents  through  the  carbon 
electrodes  of  the  lamp  every  minute.' 

Holmes*s  magneto-electric  machine  and  lamp  have  been  in  suc- 
cessful operation  at  Dungeness  Lighthouse  since  June  1862,  ex- 
clusively in  the  hands,  and  under  the  care  of,  the  Trinity  House. 
This  machine  has  been  subsequently  removed,  and  a  larger  macbino 
was  erected  in  1872  at  the  South  Foreland,  illuminating  both  of 
the  lighthouses  situated  there. 

The  visible  conversion  of  mechanical  work  into  heat  and  light, 
by  the  agency  of  electricity  in  this  machine,  gives  an  interesting 
example  of  the  transformation  of  energy.  The  excess  of  power 
required  to  drive  the  machine  when  the  electric  currents  are 
closed,  is  stated  to  be  very  sensible.  One-and-a-quarter  horse 
power  is  required  to  drive  the  machine  when  the  light  is  in 
action. 

The  application  of  the  magneto-electric  machine  to  electro- 
plating has  already  been  alluded  to  (125).  A  machine  origin- 
ally intended  for  the  production  of  illuminating  gas  by  the 
decomposition  of  water,  was  shown  at  the  International  Exliibition 
of  1862,  by  Shepard.  The  arrangement  of  magnets  and  coils  is 
very  similar  to  that  of  Holmes,  but  it  could  not  be  worked  at  a 
profit  as  a  gas  generator. 

(179)  8ool6t6  r  Alliance  Mas^neto-electric  Machine. — This 
mBchiae  (Fig.  255),  which  is  exclusively  used  in  ETantft  ^ox  ^\<ei^\i'da 
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light  purposes  on  shore  aa  well  aa  on  board  Teiaela,  vu  origin- 
ftll;  the  inTsntioQ  of  M.  Nollet,  piofewor  of  phjdea  >t  tbe 
MilitAry  School,  Bniuels,  and  has  been  greatly  improved  uA 
brought  to  its  present  Btate  bj  M.  yul  HaldarBn. 

It  is  made  in  two  or  thrm  sizue,  ajid  conaistt  of  a  eeituB 
number  of  brass  discs  c,  each  carrying  at  ita  circumfereDGe  siilsm 
bobbin  armatures.  The  discs  are  keyed  on  a  abaft,  driven  by  s 
steam  eat^ne  by  means  of  the  belt  X,  and  they  revolTe  betmM 
eight  sots  of  magnets  s.  As  each  magnet  baa  two  polea,  eaek 
series  has  sixteen  poles,  equally  spaced  in  a  drcle.    The  armatnm 


are  eo  disposed  that  they  exactly  coincide  with  the  ma^ets,  sotbit 
when  one  armature  is  opposite  a  magnetic  pole  all  the  others  ate 
opposite  poles.  In  the  machine  usually  made  there  are  four  or  Eii 
discs,  whi:'h  correspond  to  siity-four  bobbins  and  forty  magnets, 
or  to  ninety-six  bobbins  and  fifty-six  magnets.  The  currents  st« 
uncollected  on  two  conductors,  oueof  which  abuts  un  the  axis,  and 
is  thence  put  in  communication  with  tbe  rest  of  the  Apparatus. 
The  other  conductor  terminates  in  an  insulated  sleeve  concentric 
witb  the  main  axis.  The  wires  are  fixed  by  binding  screws  dtto 
these  conductors,  as  shown.  The  currentchanges  its  direction  each 
time  that  a  bobbin  passes  a  pole.  There  are  Mxteen  changes  for 
each  disc,  and  inasmuch  as  tbe  machine  makes  400  revolutintn 
per  minute,  there  are  6,400  changes  in  a  minute,  or  over  100  per 
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second.  No  commutator  is  used,  as  it  has  been  found  that  it  is 
possible  to  produce  the  electric  light  with  currents  which  do  not 
flow  always  in  the  same  direction.  It  will  be  understood  th^ 
when  currents  are  reversed  there  must  be  at  each  reversal  a  zero 
Of  period  when  no  current  is  passing ;  at  this  moment  the  electric 
%ht  is  extinguished,  but  the  fact  will  be  imperceptible  to  the 
Benses  provided  the  light  is  not  extinguished  for  liiore  than  the 
hundredth  part  of  a  second,  because  the  impression  of  the  light 
remains  on  the  retina.  It  is  considered  that  the  balance  of  advan- 
tage lies  with  the  machines  fitted  with  commutators. 

(180)  £L  new  and  Powerftil  Generator  of  BTnamic  mec- 
ftrleity. — A  paper  was  communicated  to  the  Royal  Society,  by 
H.  Wilde  (JVoc.  Boyal  Society,  No.  83,  vol.  xv.,  March  26,  1866), 
in  which  attention  was  drawn  to  some  new  and  paradoxical 
phenomena   arising    out    of  Faraday^s    important   discovery  of 
magneto-electric  induction  (172),  the  close  consideration  of  which 
has  resulted  in  the  discovery  of  a  means  of  producing  dynamic 
electricity   in    quantities  unattainable  by  any  other    apparatus 
hitherto  constructed  ;  an  indefinitely  small  amount  of  magnetism, 
or  of  dynamic  electricity,  having  been  found  capable  of  inducing 
an  indefinitely  large  amount  of  magnetism — and  again,  an  indefi- 
nitely small  amount  of  dynamic  electridity,  or  of  magnetism,  being 
capable  of  evolving  an  indefinitely  large  amount  of  dynamic  elec- 
tricity. 

The  apparatus  vnth  which  the  experiments  were  made  was  thus 
described : — 

A  compoimd  hollow  cylinder  of  brass  and  iron  was  constructed,  termed  by 
the  author  a  magnet  cylinder,  its  internal  diameter  being  i|  inch.    On  this 
cylinder  could  he  placed,  at  pleasure,  one  or  more  permanent  horseshoe 
magnets.    Each  of  these  permanent  magnets  weighed  about  i  lb.,  and  would 
sustain  a  weight  of  about  10  lbs.    An  armature  was  made  to  revolve  rapidly 
in  the  interior  of  the  cylinder,  in  close  proximity  to  its  sides,  but  not  touch- 
ing.   Aroimd  this  armature  183  feet  of  insulated  copper  wire,  0*03  of  an  inch 
in  diameter,  were  coiled,  and  the  free  ends  of  the  wire  were  connected  with  a 
communicator  fixed  upon  the  armature  axis  for  the  purpose  of  taking  the 
alternating  waves  of  electricity  from  the  machine  in  one  direction  only. 
The  direct  current  of  electricity  was  then  transmitted  through  the  coils  of  a 
tangent  galvanometer ;  and  as  each  additional  magnet  was  placed  upon  the 
magnet-cylinder,  it  was  found  that  the  quantity  of  electricity  generated  in 
the  coils  of  the  armature  was  very  nearly  in  direct  proportion  to  the  number 
of  magnets  on  the  cylinder. 

Experiments  were  next  made  for  the  purpose  of  ascertaining 

What  relation  existed  between  the  sustaining  power  of  the  per- 

Uianent  magnets  on  the  magnet-cylinder,  and  that  of  an  electro- 

Xnagnet  excited  by  the  electricity  derived  from  the  armature ;  and 
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it  was  found  that  when  four  permanent  magnets,  capable  of 
sudtaining  collectively  a  weight  of  40  lbs.,  were  placed  upon  the 
cylinder,  and  when  the  sub-magnet  was  placed  in  contact  ifith 
the  poles  of  the  electro-magnet,  a  weight  of  178  Iha.  was  required  to 
separate  them.  With  a  larger  electro-magnet,  a  weight  of  not  leM 
than  1,080  lbs.  was  required  to  overcome  the  attractive  force  of  the 
electro-magnet,  or  twenty-seven  times  the  weight,  which  the  four 
permanent  magnets,  used  in  exciting  it,  were  collectively  aUe  to 
sustain.  It  was  further  found  that  this  great  difference  between 
the  power  of  a  permanent  magnet  and  that  of  an  electro-magnet 
excited  through  its  agency  might  be  indefinitely  increased. 

An  electro-magnet  would  appear,  from  the  experimentB  of 
Wilde,  to  possess  the  power  of  accumulating  and  retaining  a  chazge 
of  electricity  in  a  manner  analogous,  to,  but  not  identical  with,  that 
in  which  it  is  retained  in  insulated  submarine  cables,  and  in  the 
Leyden  jar.    Thus  when  the  wires  forming  the  polar  terminala  of 
the  magneto-electric  machine  were  connected  for  a  short  time  with 
those  of  a  very  large  electro-magnet,  a  bright  spark  could  ba 
obtained  from  the  electro-helices  twenty-five  seconds   after  all 
connection  with  the  magneto-electric  machine  had  been  broken. 
It  was  found  also  that  the  electro-helices  offered  a  temporarj 
resistance  to  the  passage  of  the  current  from  the  magneto-electiie 
machine.    When  four  magnets  were  placed  on  the  cylinder,  the 
current  from  the  machine  did  not  attain  a  permanent  degree  of 
intensity  until  an  interval  of  fifteen  seconds  had  elapsed ;   but 
when  a  more  powerful  machine  was  used  for  exciting  the  electro- 
helices,  the  current  attained  a  permanent  degree  of  intensity  after 
an  interval  of  four  seconds  had  elapsed. 

The  general  conclusion  which  Wilde  drew  from  a  considera- 
tion of  these  remarkable  experiments  was,  that  when  an  electro- 
magnet is  excited  through  the  agency  of  a  permanent  magnet, 
the  large  amount  of  magnetism  manifested  in  the  electro-magnet 
simultaneously  with  the  small  amount  manifested  in  the  permanent 
magnet  is  the  constant  accompaniment  of  a  con*elative  amount  of 
electricity  evolved  from  the  magneto-electric  machine,  either  all 
at  once,  in  a  large  quantity,  or  by  a  continuous  succession  of 
small  quantities ;  the  power  which  the  metals  (but  more  particu- 
larly iron)  possess  of  accumulating  and  retaining  a  temporary 
charge  of  electricity  or  magnetism,  or  of  both  together  (according 
to  the  mode  in  which  these  forces  are  viewed  by  physicists),  giving 
rise  to  the  paradoxical  phenomena  which  form  the  subject  of  this 
•  part  of  the  investigation. 

Having  established  the  fact  that  a  large  amount  of  magnetism 
can  he  dereloped  in  an  electro-magnet  by  means  of  a  permanent 
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aagnet  of  much  smaller  power,  it  occurred  to  Wilde  that  a  lar<j:e 

flieetro-magnety  excited  by  means  of  a  small  magneto-electric 

lachiney  might  by  suitable  arrangements  be  made  instrumental 

inoTolTing  a  proportionately  large  amount  of  dynamic  electricity. 

&  order  to  test  this  yiew^  a  machine  was  constructed  as  follows : — 

Two  magnet-cylinders  were  made  having  a  bore  of  2^  inches,  and  a  length 
■f  12^  inchiis,  or  five  times  the  diameter  of  the  bore.  Each  cylinder  was 
itted  with  an  armature,  roand  which  was  coiled  an  insulated  strand  of 
opper  wire  67  feet  in  length,  and  o'i5  of  an  inch  in  diameter.  Upon  one  of 
be  magnet-cylinders  sixteen  permanent  magnets  were  tixed,  and  to  the 
ides  ci  the  other  magnet-cylinder  was  bolted  an  electro- magnet,  formed  of 
wo  rectangular  pieces  of  boiler-plate  enveloped  with  coils  of  insulated 
opper  wire.  The  armatures  of  the  magneto-electric  and  electro-magnetic 
nachines  were  driven  simultaneously,  at  an  equal  velocity  of  2,500  revolu- 
ions  per  minute.  When  the  electricity  from  the  magneto-electric  machine 
ras  transmitted  through  a  piece  of  No.  20  wire  0*04  of  an  inch  in  diameter, 
k  length  of  three  inches  was  made  red  hot.  When  the  direct  current  from 
he  magneto-electric  machine  was  transmitted  through  the  coils  of  the 
flectro-magnet  of  the  electro-magnetic  machine,  the  electricity  from  the 
Atter  melted  eight  inches  of  the  same  sized  wire^  and  a  length  of  twenty-four 
nches  was  made  red  hot. 

When  the  electro-magnet  of  a  5-inch  machine  was  excited  by  the  2^-inch 
oiagneto-electric  machine,  the  electricity  from  the  5-inch  electro-magnetic 
machine  melted  fifteen  inches  of  No.  15  iron  wire  0*075  ^^^h  in  diameter. 

Having  thus  found  that  an  increase  in  the  dimensions  of  the 
nachines  was  accompanied  by  a  proportionate  increase  of  the 
nagnetic  and  electric  forces,  Mr.  Wilde  proceeded  to  construct  a 
nachine,  the  magnet-cylinder  of  which  was  10  inches  in  diameter, 
;he  weight  of  the  electro-magnet  was  nearly  3  tons,  and  the  total 
Neight  of  the  machine  about  4^  tons.  The  machine  was  furnished 
firith  two  armatures,  one  for  the  production  of  *  intensity/  and  the 
>ther  for  the  production  of '  quantity '  effects. 

The  *  intensity '  armature  was  coiled  with  an  insulated  con- 
luctor,  consisting  .of  a  bundle  of  thirteen  No.  1 1  copper  wires,  each 
>•  1 2  5  inch  in  diameter.  The  coil  was  376  feet  in  length,  and  weighed 
232  lbs. 

The 'quantity' armature  was  enveloped  with  folds  ofanin- 
mlated  copper-plate  conductor  67  feet  in  length,  the  weight  of 
which  was  344  lbs.  These  armatures  were  driven  at  the  uniform 
velocity  of  1,500  revolutions  per  minute,  by  means  of  a  broad 
leather  belt  of  the  strongest  description. 

When  the  direct  current  from  the  i  j-inch  magneto-electric 
machine,  having  on  its  cylinder  six  permanent  magnets,  was  trans- 
mitted through  the  coils  of  the  electro-magnet  of  the  5-inck 
)lectro-magnetic.  machine,  and  when  the  direct  current  from  the 
.atter  was  simultaneously,  and  in  like  manner,  transmitted  through 
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tlie  coils  of  the  electro-magnet  of  tlie  lo-inch  machine,  an  amowt 
of  ma^etic  force  was  developed  in  the  large  electro-magnet  hi 
exceeding  anything  which  had  hitherto  been  produced,  accom- 
panied by  the  evolution  of  an  amount  of  dynamic  electiidty  iirom 
the  quantity  armature,  bo  enormous  as  to  melt  pieces  cf  cylindrical 
iron  15  inches  in  length  and  fully  ^ofan  inch  in  diameter ,  and  15 
inches  of  copper  wire  (No.  1 1)  o'l2$  of  an  inch  in  diameter. 

When  the  intensity'  armature  was  placed  in  the  magnet- 
cylinder,  the  electricity  from  it  melted  7  feet  of  No.  16  iron  wire 
0065  of  an  inch  in  diameter,  and  made  a  length  of  21  feet  of  the 
same  wire  red  hot. 

The  illuminating  power  of  the  electricity  from  the  intennty 
armature  was  of  the  most  splendid  description,  as  might  le 
expected : — 

*  When  an  electric  lamp,  famished  with  rods  of  ga»^aurbon  half  an  uicb 
square,  was  placed  at  the  top  of  a  lofty  building,  the  light  evolved  from  it 
was  sufficient  to  cast  the  shadows  from  the  flames  of  the  street-lamps,  s 
quarter  of  a  mile  distant,  upon  the  neighbouring  walla.  When  viewed  from 
that  distance,  the  rays  proceeding  from  the  reflector  had  all  the  rich  effulgence 
of  sunshine. 

*  A  piece  of  the  ordinary  sensitised  paper  such  as  is  used  for  photogniphie 
printing,  when  exposed  to  the  action  of  the  light  for  twenty  seconds,  at  s 
distance  of  two  feet  from  the  reflector,  was  darkened  to  the  same  d^ree  as 
was  a  piece  of  the  same  sheet  of  paper  when  exposed  for  a  period  of  oda 
minute  to  the  direct  rays  of  the  son  at  noon,  on  a  very  clear  day  in  the 
month  of  March/ 

The  extraordinary  calorific  and  illuminating  powers  of  the 
loinch  machines  are  all  the  more  remarkable  from  the  fact  that 
they  have  their  origin  in  six  small  permanent  magnets,  weighing 
only  one  pound  eachy  and  capable  at  most  of  sustaining  collectively 
a  weight  of  60  lbs. ;  while  the  electricity  of  the  magneto-electric 
machine  employed  in  exciting  the  electro-magnet  was  itself  iu- 
capable  of  heating  to  redness  the  shortest  length  of  iron  wire  of 
the  smallest  size  manufactured. 

The  production  of  so  large  an  amount  of  electricity  was  only 
obtained  by  a  correspondingly  large  amount  of  mechanical  force ; 
for  it  was  found  that  the  large  electro-magnet  could  be  excited  to 
such  a  degree  that  the  strong  leather  belt  was  scarcely  able  to 
drive  the  machine. 

(181)  "Wilde's  Magneto-electric  Machine^ — Later  on  Mr. 
H.  AVilde,  March  23,  1867,  patented  a  magneto-electric  machine  in- 
volving improvements  of  the  principle  just  described.  The  follow- 
ing is  a  description  of  the  machine  as  patented. 

The  diagram  (Fig.  256),  shows  a  front  elevation  of  the  complete 
nuu;hine^  which  consists  principally  of  a  large  electro-magnetio 
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le  BS,'  which  ie  tleo  magneto-electric,  and  of  »  smaller 
le  K  a',  which  ia  pnrelj  magnetic.  The  honeshoe  perma- 
lagnet  x  u'  is  the  foremost  of  &  aeries  of  ^iteen  siniilar 


it,  placed  the  orw  behind  the  other  in  a  horizontal  row. 
ff^iiB  3  Iba.,  and  Bustains  a  wdght  of  20  Ibe.  The  dxteen 
ta  are  fijted  twiow  to  the  '  magnet'C^lindei'  c,  shown  on  a 
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larger  acola  in  I^.  257.  This  ia  foMy  made  op  of  east  irtm, 
partly  of  IirBBs.  The  two  iroa  oomponenta  (Hg.  156)  form  At 
udea  of  it,  and  the  brass  ban  lie  iMtween  them.  Thej  an  bolbd 
flniily  together  bj  the  brass  bolts  rr'.  The  magnet-cyliQlu  it 
about  12  inches  in  length;  in  the  centre  of  it  is  acenntelylnnd 
a  urcular  hole,  extending  the  whole  way,  2^  inches  in  diamatn. 
The  inner  side  sarfaees  of  the  magnets  below  are  acematslj 
fitted  to  the  uprightr-plane  lidea  of  the  magaet-  Fig.ijS. 
cylinder,  and  are  firmly  secured  to  it.     By  this  ^ 

means  the  caab-iron  portions  of  the  magnet-cylinder  11 

t»  form  the  polar  terminations  of  the  magnetic  III 

battery,  the  brass  bars  6  b  between  them  break- 
ing the  magnetic  continuity. 

A  cylindrical  armature  a  a  of  cast  iron  is 
made  to  revolve  within  the  magnet-cylinder.  Its 
diameter  is  ^  of  an  inch  lees  tban  the  diameter 
of  the  cylinder,  which  enables  it  to  revolve  with- 
out friction  in  very  close  pronmity  to  the  polar 


Cp 


surfaces.  The  maimer  in  which  it  in  centred  is,  for  the  sake  of  aim' 
plicity,  not  shown  in  the  upper  machine,  where,  ss  is  afterwarii 
mentioned,  the  construction,  though  larger,  is  perfectly  wmilir, 
The  framework  for  sustaining  the  axis  of  tiie  armature  b  finnl; 
bolted.  Fig.  257  gives,  as  just  mentioned,  an  enla^^d  cross- 
aection ;  Fig.  25S  shows  an  enlarged  side-view.  Two  rectangulu 
grooves  wl  are  made  on  opposite  aides,  giving  to  it  somewhst 
the  appeArances  of  a  rsil.  About  50  feet  of  insulated  copper  wire 
w  w  are  wound  lengthwise  into  these  grooves  in  three  coila  (shown 
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ID  sectioiiy  fig.  257).  The  coil  thus  fonned  is  shut  in  hy  wooden 
pscking  /  / ;  in  Fig.  258  this  packing  is  remoyed  at  one  end  to  show 
the  longitudinal  win^Ung  of  the  ooiL  To  prevent  the  wires  from 
being  driven  out  hy  the  centrifugal  force  generated  hy  the  rapid 
rotation  of  the  armature^  straps  of  sheet  hrase- encircle  thA4U3iia» 
tore  at  Tegular  intervals  and  are  sunk  in  grooves  prepared  for  tbem 
m  the  cast  iron.  Two  caps  of  hrass  kk  9xe  fitted  to  the  side  of 
the  armature,  and  to  these  are  attached  the  steel  journals  or  axes 
of  rotation.  On  the  further  axis  (the  back  axis  of  Fig,  258)  the 
pulley  tn  is  fixed,  round  which  passes  the  strap  from  the  steam 
engine  w^hich  works  the  machine.  On  the  other  axis  (the  front 
axis  of  the  figure)  two  rings  are  put,  one  n  insulated  from  it  and 
the  other  n'  connected  with  it.  One  end  of  the  armature  coil  is 
in  connection  with  the  armature,  and  thereby  with  the  axis  and  ?('; 
the  othar  end  is  insulated  and  fixed  hy  a  binding-screw  with  n ;  n 
and  nf  are  thus  the  terminals  of  the  coiL  They  are  made  of 
hardened  steel,  and  the  springs  >«  and  t^  which  press  against  them 
are  of  the  same  material 

Starting  from  any  definite  position,  the  armature  in  one  revolu- 
tion induces  two  opposite  currents  in  the  coil,  one  in  the  first,  the 
other  in  the  second,  half-revolution.  As  n  and  nf  change  their 
electric  sign,  it  is  so  arranged  that  they  change  the  spring  s  or  s' 
against  which  they  press.  Thus  s  and  «'  receive  their  currents 
always  in  the  same  direction.  The  armature  is  made  to  revolve 
2,500  times  per  minute,  and  5,000  waves  or  currents  of  electricity 
are  transmitted  to  the  wires. 

Thus  far  we  have  nothing  essentially  peculiar  in  Wilde's 
machine.  The  construction  of  the  magnet-cylinder  is  quite  novel, 
though  the  position  of  the  armature,  which  is  decidedly  the  most 
advantageous,  is  not  new,  as  it  was  adopted  several  years  ago 
in  Siemens  and  Halske's  magneto-electric- machine.^  One  advan- 
tage of  this  position  lies  in  the  motion  of  the  armature  not  being 
resisted  hy  the  air.  In  the  ordinary  position  of  the  armature 
(Fig.  248)  much  of  the  work  appliedAto  the  rotation  is  expended  in 
the  armature  beating  the  air.  There  is  no  such  loss  in  Siemens  and 
Halske's  or  Wilde's  machine.  Another  advantage  is  derived  from 
the  inductive  action  of  the  magnet  being  exerted  directly  on  the 
coil,  as  well  as  through  the  intervention  of  the  armature.  If  the 
coil  were  made  to  rotate  without  the  armature,  currents  would  be 
induced  in  it  of  the  same  kind  as  that  induced  bv  the  armature, 
though  of  feebler  intensity,  the  maximum  points  of  which  would 
occur  when  the  coil  was  moving  through  the  line  joining  the 
poles,  and  the  minimum  points  when  it  was  at  right  angles  to  that 

^  7/ 18  the  invention  ofVr.  William  Siemens,  of  BeiWii. 
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V()sition.  Now  these  are  the  converae  of  the  maziiimm  ind 
luiniiuuin  iuduction  points  of  the  armature.  In  the  podtion  in 
which  the  armature  is  placed  in  this  machine,  hoth  armaturs  lod 
coil  contribute  to  the  current,  the  one  moat  when  the  other  gives 
loiist,  and  vice  versa.  The  same  advantage  is  not  secured  hj  the 
ordinary  construction. 

We  now  come  to  describe  the  sing^ular  peeuliaiity  and  merit  of    '^ 
AVilde  8  machine.     The  current  obtained  from  the  magneto-electric 
machine  is  not  directly  made  use  of,  but  is  employed  to  generate 
an  electro-magnet  some  hundreds  of  times  more  powerful  than  tin 
magnetic  battery  originally  employed,  by  means  of  which  a  eocn- 
HjH)nding  increase  of  electricity  may  be  obtained.    This  electzo* 
magnet  s  e'  (Fig.  256)  forms  the  lower  part  of  the  figure,  and  h 
far  the  most  bulky  portion  of  the  entire  machine.    It  is  of  tl« 
horseshoe  form,  e  and  B^  forming  the  two  limbs  of  it.    The  eon  of 
each  of  these,  shown  by  the  dotted  lines,  is  formed  by  a  plate  of 
rolled  iron,  36  inches  in  height,  26  inches  in  leng^  and  i  indi  in 
thickness.    Each  is  surrounded  by  a  coil  of  insulated  copper  win 
(Xo.  10)  1,650  feet  long,  wound  round  lengthwise  in  seven  layers 
The  current  has  thus,  in  passing  from  the  insulated  binding  screw  r 
to  the  similar  screw,  to  make  a  circuit  of  3,300  feet.    Each  limb  of 
tlie  eloctro-magnet  is  thus  a  flat  reel  of  covered  wire  wrapped 
round  a  sheet  of  iron,  the  rounded  ends  alone  of  which  are  seen  id 
the  figure.    The  upright  iron  plates  are  joined  above  by  abridge  P, 
built  up  also  of  iron-plate,  and  are  fixed  below  the  whole  my 
along  with  the  iron  bars  t;  i;  to  the  sides  of  a  magnet-cylinder  of 
precisely  the  same  construction  as  the  one  already  described.    The 
iron  framework  of  the  electro-magnet  is  shown  bj  the  dotted 
lines.     The  depth  of  the  bridge  is  the  same  as  the  breadth  of  the 
bars  v'  z/,  which  are  of  tiie  same  size  as  the  bars  v  v.     The  various 
surfaces  of  juncture  in  the  framework  are  placed  so  as  to  ensure 
perfect  metallic  contact.      The  upper  and  lower  machine  are  in 
action   precisely  alike,  only  the  upper  magnet  is  a  permanent 
magnet  and  the  lower  one  an   electro-magnet.      We  have  the 
e-ame  magnet-cylinder  1 1,  the  same  armature  A,  and  springs  s  8^ 
and  the   same   poles  z  z' ;  the   size,  is,  however,  difierent,  th^ 
calibre   of  the  magnet-cylinder  being  7  inches.      The  diameter 
of  the  lower  armature  gives   the  name  to   the  machine — viz.  a 
7-inch  machine.    The  length  of  wire  on  the  lower  armature  is 
350  feet.     It  is  35  inches  in  length,  and  is  made  to  rotate  1,8001 
times  a  minute.    The  cross  framework  attached  to  the  magnetr 
cylinder,  in  which  the  front  journal  of  the  armature  rotates  (at  q), 
is  shown  in  the  lower  machine  (Fig.  256).    When  the  macliine  is  in 
action,  both  armatures  are  driven  simultaneous!ly  from  the  same 
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eoonterahaft.  For  the  electric  ligbt,  the  currents  conveyed  to  the 
BpringB  s  and  t^  need  not  be  sent  in  the  same  direction.  In 
that  case  the  separation  between  «  and  «'  is  vertical;  and  each 
springy  presses  against  only  one  ring  during  the  whole  revolution, 
leceiviD^  and  transmitting  each  revolution  two  opposite  currents. 

The  machine  here  described  is  intended  for  a  three-horse  power 
steam-enginBy  but  nine-power  might  be  expended  on  it. 

Mr.  A/Vilde  furnishes  for  the  electro-magnet  cylinder  of  many 
of  luB  znachiaes  two  armatures— one  an  '  intensity  armature/  similar 
to  that  just  described ;  the  other  a  *  quantity  armature ' — one  of 
which  may  be  eauly  substituted  for  the  other.  The  quantity 
armature,  instead  of  insulated  copper-wire,  is  enveloped  in  folds  of 
insulated  copper-plate,  or  ribbon,  which  offering  little  resistance, 
a  current  of  much  greater  quantity,  though  of  less  tension,  is  given 
off.  It  is  with  the  quantity  armature  that  experiments  in  the 
heating  pov^er  of  the  machine  are  best  performed.  With  a  10- 
inch  quantity  armature  Mr.  Wilde  succeeded  in  melting  an  iron 
rod  1 5  inches  long  and  ^  inch  thick. 

The  entire  machine  just  described  is  under  5  feet  in  length  and 
height,  is  20  inches  vride,  and  weighs  a  ton  and  a  half. 

{Ferguson.) 
The  residual  magnetism  of  the    electro-magnetic    induction 
machine  may  also  be  employed  for  exciting  its  own  electro-magnet 
in  the  following  manner : — Fig.  257  is  a  cross  section  of  a  machine 
for  utilising  the  residual  magnetism  of  the  electro-magnet  and 
magnet-cylinder  of  an  electro-magnetic  machine.    The  small  arma- 
ture o  (not  previously  described)  for  exciting  the  electro-magnet, 
and  the  larger  armature  a  a  for  producing  the  more  powerful  cuiTent, 
are  made  to  revolve  simultaneously  by  two  magnet-cylinders  q  and 
/  /  placed  one  above  the  other  between  the  two  poles  of  the  electro- 
magnet ;  these  two  cylinders  are  placed  with  their  axes  parallel 
to  each  other,   and  the  two  segmental  iron  sides  of  the   small 
cylinder  are  bolted  to  those  of  the  large  cylinder.     The  iron  of 
the  two  cylinders  being  thus  in  close  contact,  the  smaller  cylinder 
q  acquires  the  same  degree  of  residual  magnetism  as  the   large 
cylinder  I,  which  in  machines  of  largo  dimensions  is  very  consider- 
able.    By  this  arrangement  the  large  electro-magnet  s,  bolted  to 
the   sides  of  the  large  magnet-cylinder  l,  supplies  the  magnetism 
required  to  excite  the  armature  0  revohang  in  the  smaller  cylinder 
y,  and  the  alternating  current  induced  in  the  coils  of  the  armature 
0  by  the  residual  magnetism  of  the  two  cylinders,  after  being 
turned  in  one  direction  by  means  of  a  commutator,  is  transmitted 
through  the  coils  of  the  electfo-mngnet  on  the  large  cylinder  in 
the  usual  manner,   the  mao^netism   of  which   is  thereby  greatly 
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augmented,  and  the  more  powerful  current  obtained  from  the  lugcr 
armature  a  a  can  be  made  available  for  any  purpose  to  which  flodi 
currents  of  electricity  are  applied. 

(182)  Bynamo-eleetlle  BKaehlnea. — During  the  yetn 
1 866-7,  after  the  introduction  of  Wilde's  machine  and  its  ezhiUtion 
before  the  Royal  Society,  where  its  powerful  effects  were  fnUy 
demonstrated,  Messrs.  0.  W.  Siemens  and  Charles  WheatsUms 
experimented  independently  of  each  other,  and  finally  produced 
ahuost  simultaneously  two  machines  identical  in  principle  and 
evolving  a  new  feature  in  magneto-electricity.  The  macbinefl 
were  exhibited  before  the  Royal  Society  on  February  14, 1867, 
when  they  were  fully  described  by  the  inventors.  The  following 
are  the  accounts  ^ven  by  each  of  their  respective  machines. 

(183)  Conversion  of  Bsmamleal  Into  Bleetrleal  Voree 
witbout  tbe  Aid  of  Permanent  Haynetlsnu — Mr.  0.  W. 
Siemens  states  in  his  paper,  received  by  the  Royal  Society  on 
February  4  : — *  Since  the  great  discovery  of  magnetic  electricily  by 
Faraday  in  1830,  electricians  have  had  recourse  to  mechanical  force 
for  the  production  of  their  most  powerful  effects  ;  but  the  power  of 
the  magneto-electrical  machine  seems  to  depend  in  an  equal 
measure  upon  the /orc6  expended  on  the  one  hand,  and  upon  jnt- 
manent  magnetism  on  the  other. 

'  An  experiment,  however,  has  been  lately  suggested  to  me  ly 
my  brother,  Dr.  Werner  Siemens,  of  Berlin,  which  proves  that 
permanent  magnetism  is  not  requisite  in  order  to  convert  mecJwmcd 
into  electt'iccd  force ;  and  the  result  obtained  by  this  experiment  is 
remarkable,  not  only  because  it  demonstrates  this  hitherto  unre- 
cognised fact,  but  also  because  it  provides  a  simple  means  of  pro- 
ducing very  powerful  electrical  effects. 

*  The  apparatus  employed  in  this  experiment  is  an  electro- 
mftgnetic  machine,  consisting  of  one  or  more  horseshoes  of  soft  iron, 
surrounded  with  insulated  wire  in  the  usual  manner,  of  a  rotating 
keeper  of  soft  iron,  surroimded  also  with  an  insulated  wire,  and  of 
a  commutator  connecting  the  respective  coils  in  the  manner  of  a 
magneto-electrical  machine.  If  a  galvanic  battery  were  connected 
with  this  an*angement,  rotation  of  the  keeper  in  a  given  direction 
would  ensue.  If  the  battery  were  excluded  from  the  circuit  and 
rotation  imparted  to  the  keeper  in  the  opposite  direction  to  that 
resulting  from  the  galvanic  current,  there  would  be  no  electrical 
effect  produced,  supposing  the  electro-magnet  were  absolutely 
free  of  magnetism ;  but  by  inserting  a  battery  of  a  single  coil  in 
the  circuit  a  certain  magnetic  condition  would  be  set  up,  causing 
similar  electro-magnetic  poles  to  be  forcibly  approached  to  each 
other,  and  dissimilar  poles  to  be  severed,  alternately,  the  rotation 
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Umg  contrary  in  direction  to  that  which  would  be  produced  by 
the  exciting  current. 

'Each  forcible  approach  of  similar  poles  must  augment  the 
magnetic  tension,  and  increase  consequently  the  power  of  the 
ctzcnlating  current;  the  resistance  of  the  keeper  to  the  rota- 
tion- must  also  increase  at  every  step  until  it  reaches  a  maximum, 
imposed  by  the  available  force  and  the  conductivity  of  the  wires 
employed. 

'The  co-operation  of  the  battery  is  only  necessary  for  a  moment 
of  time  after  the  rotation  has  commenced,  in  order  to  introduce  the 
magnetic  action,  which  will  thereupon  continue  to  accumulate 
without  its  aid. 

'  With  the  rotation  the  current  ceases ;  and  if,  upon  re-starting 
the  machine,  thebattery  is  connected  with  the  circuit  for  a  moment 
of  time  with  its  poles  reversed,  then  the  direction  of  the  continuous 
current  produced  by  the  machine  will  also  be  the  reverse  of  what 
it  waA  before. 

'  Instead  of  employing  a  battery  to  commence  the  accumulative 
action  of  the  machine,  it  suffices  to  touch  the  soft  iron  bars  em- 
ployed with  a  permanent  magnet,  or  to  dip  the  former  into  a  position 
parallel  to  the  magnetic  axis  of  the  earth,  in  order  to  produce  the 
same  phenomenon  as  before.  Practically  it  is  not  even  necessary 
to  give  any  external  impulse  upon  re-starting  the  machine,  the 
residuary  magnetism  of  the  electro-magnetic  arrangements  em- 
ployed being  found  sufficient  for  that  purpose. 

*  The  mechanical  arrangement  best  suited  for  the  production  of 
these  ciurrents  is  that  originally  proposed  by  Dr.  Werner  Siemens 
In  1857,'  consisting  of  a  cylindrical  keeper  hollowed  out  at  two 
sides  for  the  reception  of  insulated  wire  wound  longitudinally,  which 
LS  made  to  rotate  between  the  poles  of  a  series  of  permanent 
magnets,  which  latter  are  at  present  replaced  by  electro-magnets. 
On  imparting  rotation  to  the  armature  of  such  an  arrangement,^ 
the  mechanical  resistance  is  found  to  increase  rapidly  to  such  an 
extent  that  either  the  driving-strap  commences  to  slip,  or  the  in- 
sulated wires  constituting  the  coils  are  heated  to  the  extent  of 
igniting  their  insulating  silk  covering. 

*  It  is  thus  possible  to  produce  mechanically  the  most  powerful 
electrical  or  calorific  effects  without  the  aid  of  steel  magnets,  which 
atter  are  open  to  the  practical  objection  of  losing  their  permanent 
nagnetbm  in  use.' — Proceedings  of  th^  Moyal  Societyj  vol.  xv.  p. 
J67. 

(184)  On  the  Anffmentation  of  tbe  Power  of  a  Magrnet 

'  See  Dn  Moncel,  Sur  Electricite,  1862,  p.  248. 
8  See  Figs.  257,  258. 
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br  the  Reaction  thereon  of  Omrants  tadueed  bj  Uie  XagMl 
itself. — Professor  0.  Wheatstone,  F.R.S.,  oommmucated  the 
following  remarks  to  the  Royal  Society  on  the  same  date:— ^  The 
magneto-electric  machines  which  haye  been  hitherto  described  aie 
actuated  either  by  a  permanent  magnet  or  by  an  electro-manpoet, 
deriving  its  power  from  a  rheomotor  placed  in  the  circuit  of  its 
coil.  In  the  present  note  I  intend  to  show  that  an  electro- 
magnet, if  it  possess  at  the  commencement  the  slightest  polarity, 
may  become  a  powerful  magnet  by  the  graduaUj  augmenting 
currents  which  itself  originates. 

'  The  following  is  a  description  of  the  form  and  fimensions  of 
the  electro-magnet  I  have  employed.  The  construction,  it  will  he 
seen,  is  the  same  as  that  of  the  electro-magnetic  part  of  Mr.  Wilde'a 
machine : — 

*  The  core  of  the  electro-magnet  is  formed  of  a  plate  of  soft  iron 
15  inches  in  length  and  i^  inch  in  breadth,  bent  at  the  middle  of 
its  length  into  a  horseshoe  form.  Round  it  is  coiled,  in  the  direction 
of  its  breadth,  640  feet  of  insulated  copper  wire,  ^  of  an  inch  in 
diameter.  The  armature,  which  is  according  to  Siemens'  ingenious 
construction,  consists  of  a  rotating  cylinder  of  soft  iron,  8^  inches 
in  length,  grooved  at  two  opposite  sides  so  as  to  allow  tJie  wire  to 
be  coiled  upon  it  longitudinally;  the  length  of  the  wire  thus 
coiled  is  80  feet,  and  its  diameter  is  the  same  as  that  of  the  electro- 
magnet coil. 

'  When  this  electro-magnet  is  excited  by  any  rheomotor  the 
current  from  which  is  in  a  constant  direction,  during  the  rotation 
of  the  armature,  currents  are  generated  in  its  coil  during  each  semi- 
revolution,  which  are  alternately  in  opposite  directions;  these 
alternate  currents  may  be  transmitted  unchanged  to  another  part 
of  the  circuit,  or  by  means  of  a  rheotrope  be  converted  to  the  same 
direction. 

^  If  now,  while  the  circuit  of  the  armature  remains  completed, 
the  rheomotor  be  removed  from  the  electro-magnet,  on  causing  the 
armature  to  revolve,  however  rapidly,  it  will  be  found  by  the  inter- 
position of  a  galvanometer,  or  any  other  test,  that  but  very  slight 
effects  take  place.  Though  these  effects  become  stronger  in  pro- 
portion to  the  residual  magnetism  left  in  the  electro-magnet  fiom 
the  previous  action  of  a  current,  they  never  attain  any  considerable 
amount. 

*  But  if  the  wires  of  the  two  circuits  be  so  joined  as  to  form  a 
single  circuit,  in  which  the  currents  generated  by  the  armature, 
after  being  changed  to  the  same  direction,  act  so  as  to  increase  the 
existLog  polarity  of  the  electro-magnet,  very  different  results  will 
be  obtained.    The  force  required  to  move  the  machine  will  be  far 
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greater,  showing  a  greater  increase  of  magnetic  power  in  the  horse- 
shoe ;  and  the  existence  of  an  energetic  current  in  the  wire  is 
shown  by  its  action  on  a  galvanometer,  by  its  heating  4  inches  of 
platinum  wire  0*0067  ^-  diameter,  by  its  making  a  powerful  electro- 
magnet, by  its  decomposing  water,  and  other  tests. 

*  The  explanation  of  these  effects  is  as  follows : — ^The  electro- 
magnet always  retains  a  slight  residual  magnetism,  and  is  there- 
fore in  the  condition  of  a  weak  permanent  magnet ;  the  motion  of 
the  armature  occasions  feeble  currents  in  alternate  directions  in  the 
coils  thereof,  which,  after  being  reduced  to  the  same  direction, 
pass  into  the  coil  of  the  electro-magnet  in  such  a  manner  as  to  in- 
crease the  magnetism  of  the  iron  core.  The  magnet,  having  thus 
received  an  accession  of  strength,  produces  in  its  turn  more  energetic 
currents  in  the  coil  of  the  armature ;  and  these  alternate  actions 
Continue  until  a  maximum  is  attained,  depending  on  the  rapidity 
of  the  motion  and  the  capacity  of  the  electro-magnet. 

'If  the  two  coils  be  connected  in  such  manner  that  the  rectified 
current  from  the  coil  of  the  armature  passes  into  the  coil  of  the 
electro-magnet  in  the  direction  which  would  impart  a  contrary 
magnetism  to  the  core,  no  current  is  produced,  and  consequently 
there  is  no  augmentation  of  magnetism. 

'  It  is  easy  to  prove  that  the  residual  magnetism  of  the  electro- 
magnet is  the  determining  cause  of  these  powerful  effects.  For 
this  purpose  it  is  sufficient  to  pass  a  current  from  a  voltaic  battery, 
a  magneto-electric  machine,  or  any  other  rheomotor,  into  the  coil 
of  the  electro-magnet  in  either  direction,  and  it  will  invariably  be 
found  that  the  direction  of  the  current,  however  powerful  it  may 
eventually  become,  is  in  accordance  with  the  polarity  of  the 
magnetism  impressed  on  the  iron  core. 

'  If,,  instead  of  the  currents  in  the  coil  of  the  rotating  armature 
being  reduced  to  the  same  uniform  direction,  they  retain  their 
alternations,  no  effects,  or  at  most  very  small  differential  ones,  are 
produced,  as  no  accumulation  of  magnetism  then  takes  place. 

'  I  will  now  call  attention  to  the  fact  that  stronger  effects  are 
produced  at  the  first  moment  of  completing  the  combined  circuit  than 
afterwards.  The  machine  having  been  put  in  motion,  at  the  first 
moment  of  completing  the  circuit  4  inches  of  platinum  wire  were 
made  red  hot,  but  immediately  afterwards  the  fiow  disappeared, 
and  only  about  one  inch  of  the  wire  could  be  permanently  kept  at 
a  red  heat.  This  diminution  of  effect  was  accompanied  by  a  great 
increase  of  the  resistance  of  the  machine.  The  cause  of  the 
momentary  strong  effect  was,  that  the  machine,  from  its  acquired 
momentum,  continued  its  motion  for  a  few  seconds,  though  it  re- 
quired a  stronger  force  than  could  be  applied  to  maintain  that 
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motion.    Each  time  the  drcuit  is  broken  and  xecompleted  Hie 
same  effect  recurs. 

*  On  bringfing  the  primary  coil  of  an  induetorinm  (Ruhmkirfl'B 
coil)  into  the  circuit  formed  by  connecting  the  coils  of  tiie  ekctio- 
magnet  and  rotating  armature,  no  spark  occurs  in  the  secondary 
coil.  On  account  of  the  great  resistance  of  the  droidt^  wluch  now 
also  includes  the  primary  coil  of  the  inductoriam,  the  cimsnt 
is  not  in  sufficient  quantity  to  produce  any  noticeable  indoctiYe 
effect. 

'  A  very  remarkable  increase  of  all  the  effects,  accompanied  hy 
a  diminution  in  the  resistance  of  the  machine,  is  observed  when  a 
cross-wire  is  placed  so  as  to  divert  a  great  portion  of  the  current 
from  the  electro-magnet.  The  four  inches  of  platinnm  wire,  in- 
stead of  flashing  into  redness  and  then  disappearing,  renuuna 
permanently  ignited.  The  inductorium,  which  before  gave  no 
spark,  now  gave  one  a  quarter  of  an  indi  in  length  ;  water  was 
more  abundantly  decomposed ;  and  all  the  other  effects  were  ami- 
larly  increased. 

'  I  account  for  this  augmentation  of  the  effects  in  the  following 
way: — 

'  Though  so  much  of  the  current  is  diverted  from  the  electro- 
magnet by  the  cross-wire,  the  magnetic  effect  still  continues  to 
accumulate,  though  not  to  so  high  a  degree ;  but  the  current  gene- 
rated by  the  armature,  passing  through  the  short  circuit  formed  bj 
the  armature-branch  and  cross-wire,  experiences  a  far  less  resistance 
than  if  it  had  passed  through  the  armature  and  electro-magnet 
branches ;  and  though  the  electro-motive  force  is  less,  the  resist- 
ance having  been  rendered  less  in  a  much  greater  proportion,  the 
resultant  effect  is  greater. 

*  I  must  observe  that  a  certain  amount  of  resistance  in  the  cross- 
wire  is  necessary  to  produce  the  maximum  effect.  K  the  resistance 
be  too  small,  the  electro-magnet  does  not  acquire  sufficient  magnet- 
ism ;  and  if  it  be  too  great,  though  the  magnetism  becomes 
stronger,  the  increase  of  resistance  more  than  counterbalances  its 
effect. 

^But  the  effects  already  described  are  far  inferior  to  those  ob- 
tained by  causing  them  to  take  place  in  the  cross- wire  itself.  With 
the  same  application  of  force,  /inches  of  platinum  wire  were  made 
red  hot,  and  sparks  were  elicited  in  the  inductorium  2  J  inches  in 
length. 

'  The  force  of  two  men  was  employed  in  these,  as  well  as  in  the 
other  experiments.  When  the  interrupter  of  the  primary  coil 
was  fixed,  the  machine  was  much  easier  to  move  than  when  it 
acted ;   for  when  the  interrupter  acted,  at  each  moment  of  inter- 
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mption  the  croas-wue  hang,  bs  it  were,  removed,  the  whole  of  the 
current  paBBed  iJirough  the  electromagnet,  and  coosequeutlj  a 
greater  amount  of  magnetic  energy  was  excited,  while  in  the  in- 
terrals  during  which  the  crose-wire  was  complete  the  current 
passed  mainly  through  the  primoty  coO. 

'  The  effects  aie  much  less  influenced  by  a  redstance  in  the 
dectro-magnet  branch  than  in  either  of  the  other  branches. 

'  To  reduce  the  length  of  the  Hparh  in  the  indoctorium  (the 
primary  coil  of  which  was  placed  in  the  same  wire)  to  }  of  an 
inch,  it.required  the  reeiatance  of  5^  inches  of  the  fine  platinum 
wire  in  the  ctoae-wire,  5  inches  in  the  armature-branch,  and  4  feet 
in  the  electro-magnet  branch, 

'  When  there  was  no  extra  resiBtance  in  either  of  the  branches, 
the  length  of  the  croee-wire  brang  only  about  a  few  feet,  the 
intensity  of  the  current  in  the  electro-magnet  branch,  compared 
with  that  in  the  cross-wire,  was  as  i  :  60 ;  and  when  the  resistance 
of  the  piimary  coil  of  the  inductorium  was  interposed  in  tlie  cross- 
wire,  tjie  relative  intenutdes  were  as  i  :  43. 

'  In  conclusion  1  will  mention  that  there  is  an  evident  analogy 
between  the  augmentation  ofthe  power  of  a  weak  magnet  by  means 
of  an  inductive  action  produced  by  itself,  and  the  accumulation  of 
power  shown  in  the  static  electric  machines  of  Holtz  and  others, 
which  have  recentiy  excited  considerable  attention,  in  which  a  very 
small  quantity  of  electricity  directly  excited  ie,  by  a  series  of  in- 
ductive actions,  augmented  so  as  to  equal,  aod  even  excel,  the 
effects  of  the  most  powerful  machines  of  the  ordinary  construc- 
tion.'— Froceedmg»  of  the  Boyal  Society,  vol,  it.  p.  369. 

(185)  ftfttfd'a  Synaino-flleetrla  Maeblne. — The  reactionary 
prindple  is  fully  developed  in  the  machine  introduced  by  Mr.  Ladd 


in  1 867,  and  exhibited  in  Paris  in  that  year ;  sundry  improvements 
have,  however,  been  made,  but  the  diagmm  (Fig.  259)  shows  fully 
the  principle. 
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In  this  there  are^  it  may  he  said,  no  permanent  magnets.   It 
consists  of  two  separate  electro-magnets  B  B,  consisting  of  sUbe  of 
soft  iron,  surrounded  with  insulated  wire,  as  ahown.    c  c  are  two 
frames  or  blocks,  each  bored  out  to  take  a  Siemens  anuatniB  x  v. 
The  current  from  the  armature  n  is  made  to  pass  round  the  electro- 
magnets B  B.    The  current  from  m  is  utilised  to  produce  the 
electee  light,  as  at  B.    The  action  of  the  machine  is  thus:— A 
Toltaic  current  is  passed  once  for  iill  through  the  coils  B  B.    TIob 
magnetises  the  plates  a  a,  which,  by  a  well-known  law,  retain  a 
email  quantity  of  magnetism  ever  afterwards.    If,  then,  the  arma- 
tures are  put  in  motion  by  bands,  as  shown,  a  feeble  electrical 
ciurent  will  be  set  up  in  m  and  n,  but  the  current  ^m  n  running 
round  the  magnets  a  b,  a  b,  makes  them  much  more  power- 
ful than  they  were  originally.    They  in  their  turn  react  noiore  for- 
cibly on  972  and  n,  and  so  the  magnets  go  on  reacting  on  themseWee 
imtil  Yery  large  quantities  of  electricity  are  produced.    Thus  the 
machine  shown  by  Mr.  Ladd  in  Paris  in  1867  ^^  ^^^  plates  A  a 
only  24  inches  long  by  12  inches  wide,  and  was  quite  able  to  pro- 
duce the  electric  light. 

(185a)  TUley's  Dynamo-marneto-eleetrle  BCa^hlne^— 
In  1867,  after  the  production  of  the  Siemens  and  Wheatstone  expe- 
riments, Mr.  S.  C.  Tisley  designed  a  machine  the  principle  of  which 
was,  that  two  separate  armatures  being  introduced,  one  was  em- 
ployed for  magnetising  the  machine,  the  other  being  used  for  ex- 
ternal work.  This  machine  gave  a  good  electric  light,  &c.,  and 
was  shown  in  the  Paris  Exhibition  of  1867,  where  a  silver  medal 
was  awarded.  To  simplify  the  machine  Mr.  Tisley  placed  the 
two  armatures  in  the  same  groove,  between  the  poles  of  tiie  electro- 
magnet, bolting  the  iwo  together  at  right  angles  to  each  other,  so 
that  they  came  under  the  influence  of  the  magnetism  alternately  *, 
by  this  method  one  pair  of  bearings  was  sufficient  instead  of  two, 
and  the  machine  altogether  was  much  simplified. 

A  further  modification  was  carried  out  in  1875,  which  is  thus 
described  by  Mr.  Tisley : — '  The  apparatus  consists  essentially'  of  an 
electro-magnet,  with  shoes  forming  a  groove,  in  which  a  Siemens 
armature  is  made  to  revolve.  This  is  much  the  same  as  the  original 
machines  made  by  Siemens  and  Wheatstone,  but  the  difference 
occurs  in  the  break  or  commutator,  where  there  are  two  springs  or 
rubbers  employed,  taking  the  currents  off  from  the  commutator. 
The  commutator  consists  of  three  rings.  One  of  these  rings  is  com- 
plete for  three-quarters  of  the  circle,  the  other  quarter  being  cut 
away.  Another  ring  is  cut  away  three-quarters,  leaving  the  one 
quarter.  In  between  these  rings  is  a  third  ring,  insulated  and  con- 
nected with  the  insulated  end  of  the  wire  wound  round  the  arma- 
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^^tre ;  on  this  centre  ring  are  projecting  pieces,  one  a  quarter  of  a 
^i^de,  and  the  other  th^ee-quarters,  so  arranged  as  to  complete 
^^e  two  outer  circles. 

The  rubber  spring  which  comes  in  contact  with  the  quarter  of 
"tlae  middle  circle  is  connected  with  the  electro-magn^  of  the 
Xiaachine,  and  the  armature  is  so  arranged  that  at  the  time  of 
oontact  the  best  magnetising  current  is  developed :  the  other  spring- 
Xiibber  is  in  connection  with  the  wire  on  the  armature  duriilg  the 
ether  three-quarters  of  its  revolution,  and  this  is  connected  with 
any  external  piece  of  apparatus  required  to  be  worked.     By  this 
arrangement  the  alternate  currents  being  utilised,  they  are  all  in 
the  same  direction,  and  by  the  length  of  contact  the  whole  of  the 
current  is  obtained  in  the  best  condition  for  heating  wires,  decom- 
posing water,  giviiig  an  electric  light,  and  other  usual  experi- 
ments. 

(186)  Siemens'  ]>ynaino-eleotiic  Macbine. — The  machines 
of  this  nature  were  until  lately  manufactured  in  a  similar  form  to 
that  of  the  machine  exhibited  by  Dr.  C.  W.  Siemens  before  the 
Hoyal  Society,  and  which  were  employed  for  many  useful  purposes — 
blasting,  magnetising,  lighting,  &c. — but  recently  a  most  important 
modification  has  been  made,  with  the  view  of  producing  a  more 
powerful    machine  for   the  purpose  of  lighthouse  illumination. 
On  June  5, 1873,  ^'  0.  W.  Siemens,  F.R.S.,  took  out  a  patent,  on 
a  communication  from  abroad  by  Dr.  Werner  Siemens  and  Friedrich 
Ton  Hefner  Alteneck,  of  Berlin,  *for  producing  and  regulating 
electric  currents.'      Comparative  experiments  have  proved  this 
machine  to  be  the  most  powerful,  and  at  the  same  time  the  least 
expensive,  of  all  apparatus  yet  employed  in  the  production  of  con- 
tinuous electric  light.    It  is  a  complete  apparatus  in  itself,  in  which 
the  core  of  the  armature  is  fixed  and  the  wire  helix  alone  caused 
to  rotate.    By  this  means  great  inductive  power  is  obtained,  and 
consequently  powerful  currents  are  produced.    With  about  380 
revolutions  of  the  wire  helix  per  minute,  and  nine  to  ten  horse- 
power, a  light  equal  to  14,000  candles  can  be  obtained. 

In  this  machine  (Figs.  260, 261)  the  conductor,  by  the  motion  of 
which  the  electric  current  is  produced,  is  of  insulated  copper  wire, 
coiled  in  several  lengths  and  vrith  many  convolutions,  on  a  cylinder 
of  thin  German  silver,  and  in  such  a  manner  that  each  single  con- 
volution describes  the  longitudinal  section  of  the  cylinder.  The 
whole  surface  of  the  metal  cylinder  is  thus  covered  with  wire, 
forming  a  second  cylinder  closed  on  all  sides  a,  b,  c,  d,  (Fig.  261). 
This  hollow  cylinder  of  wire  encloses  the  stationaiy  core  of  soft 
iron  (n  «,  «'  w.  Fig.  261),  which  is  fixed  by  means  of  an  iron  bar  in 
the  direction  of  its  axis,  prolonged  at  both  ends  through  the 
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bearings  of  the  wire  cylinder  to  Btaadards.  SiuToundin^  the  wire 
cylinder  for  about  two-thirds  of  its  surface  are  the  curved  iron  btn 
w  h',  B  b',  separated  from  the  Btatiouiiry  iron  core  by  Rpace  only 
Bufficient  to  permit  the  free  rotation  of  the  wire  cylinder.     The 


curred  buiB  are  ihomsulvea  jiraliinj^ntionB  of  the  cotes  of  the  electro- 
magnets  E  E,  E  E,  And   the  sides  of  the  two  horseBhoe  magneta 

H  o-B,  m   and  »'  o'-s',  m'  are  connected  by  the  iron  of  the  two 

Blandftrds  o  m  end  o'  m'. 

As  the  coila  of  theelectTo-mngnet  tciTm«,^evu.^^tli  the  wires 
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of  the  reTolTing  cylinder,  the  reTolution  of  the  latter  causes  a 
powerful  Gnnent  to  pwa  into  tJie  electro-nugnetic  coils,  this  Sfmin 
isdiuaiig  a  itill  more  powerful  coirent  in  the  wires  of  tlie  cylin- 
drical annktim.  The  iroD  cote  of  the  cjlindricsl  armature,  Ijeiajr 
TUj  doae  to  the  polea  of  the  electro-m^nets,  becoiuos  itself  ru 
intenaaly  powerfbl  tiaiUTerse  magnet  of  opposite  poUrity  to  the 
electto-nugnet.  The  cylinder  trf  wire  tius  rsTolves  m  a  very  intense 


The  enrreiits  so  generated  are  collected  on  two  motHl  rollers  or 
bnuhea,  so'  th&t  at  two  points  diametrically  oppo»te  the  einglf 
sectoTB  pau  imder  tJie  rallsn  or  limshes  with  elastic  prassure,  giTin<<' 
Dp  tQ  iJiein  thoir  eloctric^  charae, 

A  alj^t  incnaae  of  apeed  in  the  rotation  of  the  wire  cylinder 
is  GaHowad  by  a  coniiderable  increase  of  current ;  but  as  the  current 
inrmanna  ao  does  the  resistance  to  rotation,  and  this  very  rapidly. 
Ill  t^^rii™  to  this  heat  ia  developed  to  such  an  extent  that  carP 


must  1w  tateo  not  to  exceed  a  certain  limit ;  otherwise  the  insula- 
tion of  the  coilB  would  be  deatrojed.  Were  it  not  for  tliis  draw- 
back almost  any  amount  of  current  mig:ht  bo  produced  with  ifuit- 
aUe  driTing  power. 

Ab  the  external  resiatonce  affects  the  strength  of  the  cinrent 
the  speed  must  be  varied  accordingly,  being  prreater  (w  the  e\lBmnI 
leaistance  is  greater  and  vice  vtrid.  With  an  eli'Ctric  Uiup  iti  a 
circuit  of  small  refflstance,  if  the  machine  is  intendi'd  to  work 
continuously,  the  revolutions  of  the  wire  cylinder  per  minute  should 
not  exceed  370  to  380,  The  tempernture  of  t)ie  inHcliini'  will  then 
be  at  a  maximum  in  about  three  hours,  and  during  work  will 
remmn  constant.  At  this  speed  the  driving  power  in  about  eigbl 
mdicated  borse-power;  while  the  intensity  of  tlie  lig'ht,  unaided 
by  reflector  or  lens,  has  been  shown  by  various  photometer?  to  be 
equal  to  14,000  normal  English  candles.  A  more  intense  electric 
light  cannot  be  obtadned,  as  any  increase  in  the  current  splits  up 
even  the  best  carbon. 
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IncredKiI  f>poed  will  of  courae  cnmpeuaale  lor  aaneue  ot  cu- 
rent  due  to  n  loo  irrent  external  Teaiatance,  but  thii  can  be  doM 
only  at  the  cxjienge  of  increased  mo'tive  power. — yaturt. 

(i?--)  The  Urmmiae  XK>«neto-«lMtTle  MKebtae^Tbe 
iinUiittvv  inmjnii'lo-t'loctric  maoliineB,  previously  described,  faodnte 
but  iii[ime[i1niT  currenth,  but  by  the  machine  iuTented  br  M, 
IJirainmi;,  of  I'nris,  a  continuous  current  ia  ubttined.  ThisKsuli 
hits  been  arrived  at  by  tlie  use  of  an  improved  armature,  ei»irislin|r 
•it'  a  riii^  (if  iron  snrrauDded  by  coils  of  insulated  wire. 

In  Vi-s.  263  we  liave  a  permanent  liorMsboe  niafrnet  o  s  b,  Ib- 


tween  tbe  poles  of  wliichia  placed  on  armature  or  iiu({  of  soft  inm, 
round  wbich  is  wound  a  coil  of  insulated  wire  A  b.  Tbe  poiea 
have  pieces  of  iron  fastened  to  tbem  which  completely  overlap  tb? 
ring,  and  allow  it  to  revolve  as  close  to  the  polee  as  poe^ble.  Xo* 
thisring'is  not  apermanent  magnet,  but  when  placed  in  tJiepoaitiiai 
shown  it  is  magnetised  by  induction  by  the  permanent  magnet  5  s. 
Two  poles  will  then  be  established  in  the  ring.  If  tbe  ring  ba 
caused  to  revolve  tlie  position  of  the  poles  will  remain  unalteied  in 
space,  and  it  follows  Uiat  every  portion  of  the  rii^f  will  altamatelj 
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l^eciKne  s  north  and  a  south  pole.  The  consequence  is  that  the 
Pdu  may  be  legardsd  as  constantl;  travelling  ihrough  the  iron 
'iigat  the  BBme  rate  as  that  at  which  it  revolvei,  but  ia  an  oppiv 
*«e  direction. 

In  Fig.  263  one  of  the  armatuiea  or  rings  b  cut  open  to  show 


its  coMtmetion.  The  ring  a  is  composed  of  a  group  of  aoft  iron 
irirea,  which  are  found  to  work  better  than  a  solid  bar.  The 
wire  is  pot  on  in  separate  coUs,  carefully  insulated,  as  shown  at 
B  B.  Ths  ndins  pieces  a  B  are  insulated  from  each  other  by 
ribbons  of  silk  or  indiai-rubher.  The  end  of  the  wire  terminating 
one  coil  and  the  b^;iuning  of  the  wire  of  the  next  succeeding  coil 
ue  each  Kttaehed  to  one  radius  piece  by  loops  and  notches. 
The  taUs  of  the  radius  bars  are  all  grouped  together  round  the 
central  axis,  and  they  are  rubbed  against  by  suitable  collectors, 
which  take  up  the  electricity. 

The  action  of  tie  Gramme  machine  may  be  eipkined  ns 
follows ; — Let  us  regard  the  section  of  wire  in  tbe  armaluie  just 
above  the  line  X  nf  (see  Fig.  263).  The  portion  of  the  iron  ring 
above  tius  line— that  is  t-i  say,  the  portion  nearest  the  pole  e — has 
tbe  same  poUritf  ee  that  pole,  whilst  the  portion  of  the  ring  below 
the  line  has  northern  polaiity.  Now,  aathe  ring  rotates  the  poutinn 
of  the  ring  above  the  line  x  h'  becomes  more  strongly  south  as  it 
Approaches  a,  and  the  part  below  lees  north  as  it  recedes  irom  n, 
uid  finally,  when  it  arrives  at  s,  tbe  polarity  is  the  same,  which  is 
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as  much  as  to  say  that  there  is  no  magnetism  in  it  The  chioge 
causes  a  current  of  electricity  to  he  induced  in  the  im,  Ab 
the  ring  now  moves  on  towards  ir,  the  iron  in  front  heoomes  a 
north  pole,  and  that  hehind  a  south  pole,  until  it  airiTes  at  the  hoe 
M  m',  when  the  difference  of  polarity  is  gieateBt.  TUa  change 
sends  another  current  through  the  wire,  ii^liichy  as  the  ring  has 
become  turned  over  in  position,  will  be  in  the  same  dixectkn  as 
the  foimer  one,  or  rather  will  be  a  continuation  of  the  flirt  conent; 
so  that  the  wire  on  the  ring,  in  changing  from  ic'  to  x,  has  a  con- 
tinuous current  induced  in  it,  as  have  in  like  manner  all  the  coSs 
before  and  after  it.  As  now  the  ring  moves  farther  still,  the  mag^ 
notism  becomes  less  and  less,  as  at  first,  and  finally,  when  at  5, 
disappears,  and  going  on  still  further,  becomes  reversed  as  befcne. 
This  causes  a  current  to  circulate  through' it  in  a  reverse  direction 
to  the  former  one,  and  so  also  for  all  the  coils  before  and  after  it 
These  currents  together  pass  out  through  the  studs,  in  contact  with 
the  spring,  and  return  when  the  circuit  between  the  springs  b 
completed  (as  they  must  be,  of  course,  before  any  current  can  flow) 
through  the  second  spring,  and  thus  a  continuous  current  is  kept 
up  as  long  as  the  ring  is  kept  rotating.  The  circuits  of  the  machine 
are  precisely  similar  to  two  sets  of  coils  joined  up  for  quantity— 
that  is  to  say,  the  last  zinc  plate  of  one  set  joined  to  the  last  sine 
of  the  other  set,  and  also  the  last  coppers  joined  together,  each 
representing  one  separate  coil.  The  electro-motive  force  of  the 
current  obtained  from  the  Gramme  machine  is  directly  proportional 
to  the  rate  of  rotation  of  the  coils — ^that  is,  when  the  rotation  is  not 
extremely  rapid,  for  the  demagnetisation  of  the  iron  requires  a 
certain  time.  Fig.  262  shows  a  small  machine  rotated  by  hand; 
but  very  large  machines  have  been  made,  driven  by  steam  power, 
and  used  for  lighting  and  other  purposes. 

The  Gramme  machine  was  first  used  to  produce  electricity  for 
electro-plating.  The  first  machine  made  was  supplied  to  MM. 
Ohristofle  et  Cie,  Paris,  in  1872,  and  it  ran  for  five  years  without 
any  repairs  or  outlay,  save  the  cost  of  oil  for  lubrication.  Many 
other  macliines  have  been  subsequentiy  made,  and  the  machine 
has  been  adopted  by  nearly  all  the  great  electro-plating  firms. 

A  small  Gramme  machine  was  used  successfully  in  this  country 
for  worldng  telegraph  circuits,  and  the  larger  machines  have  been 
•used  for  the  electric  light. 

(188)  Application  of  tbe  XIKagrneto-eleotrio  -Bfaohlne  to 
the  Ezploaion  of  Mines  and  Submarine  Cbarsres. — {Hqwi 
to  the  Seci'etary  of  State  for  War^  hy  C  Wheatstone,  F.jR.S,f  and 
F.  A,  Abelf  F.R.S.,  on  the  Application  of  Flectricitt/ from  DiferaU 
Sources  to  the  Explosion  of  Gunpowder)  : — 
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The  Mag neao  '  Bxploder.' — This  instrument  (which  hasn- 
cently  been  rendered  still  more  effective)  was  deviaed  by  "Whttt- 
i«toiie;  it  effects  the  ignition  at  one  time  of  fusee  varying  in 
number  from  two  to  twenty-iive,  under  certain  conditions.   It 
rcinsists  of  six  small  magnets,  to  the  poles  of  which  are  fixed  soft 
iron  bars,  surrounded  by  coils  of  insulated  wire.    The  cmh  of  all 
the  magnets  are  united  together  so  as  to  fonn  with  the  extenial 
wire  and  the  earth  a  single  circuit.    An  axis  carries  six  soft  inm 
armatures  in  succession  before  each  of  the  coils.    By  this  arrange- 
ment, two  advantages  are  gained :  all  the  magnets  simultaneooflly 
cliarge  the  wire,  and  produce  the  effect  of  a  single  magnet  of  more 
than  six  times  the  dimensions ;  and  at  the  same  time  tax  shocb  or 
currents  are  generated  during  a  single  revolution  of  the  axis,  so 
that  when  aided  by  a  multiplying  motion  applied  to  the  axis,  a 
very  rapid  succession  of  poweijul  currents  is  produced.    Another 
peculiarity  of  this  apparatus  is,  that  the  coils  are  stationary,  and 
the  soft  iron  armatures  alone  are  in  motion ;  by  this  disposition  the 
circuit  during  the  action  of  the  machine  is  never  broken. 

This  ingenious  instrument  is  shown  in  Figs.  264  and  265,  one  of 
the  magnets  having  been  removed  to  show  the  arrangement  of  the 
armature,  &c. 

(189)  Siemens'  Djnamo-eleetiio  Appamtiui  far  auurt- 
ingTf  A.O. — The  mechanical  arrangement  of  this  apparatus  is 
similar  to  that  proposed  by  Br.  Werner  Siemens  in  1857  for  the 
production  of  electric  currents,  consisting  of  a  cylindri(»l  keeper 
hollowed  at  two  sides  for  the  reception  of  insulated  wire  wound 
longitudinally,  which  is  made  to  rotate  between  poles  of  a  small 
electro-magnet,  having  as  its  exciting  agent  its  residual  magnetism 
only.  The  electro-magnet  is  provided  with  a  magnet-cylinder, 
within  which  revolves  the  Siemens  armature. 

The  coils  of  this  electro-magnet  are  traversed  by  the  currwit 
produced  by  the  rotating  armatures  after  being,  by  means  of  a 
commutator,  directed  to  flow  in  one  direction  only.  At  the  com- 
meucement  of  rotation  the  armature  is  acted  upon  merely  by  the 
weak  residuary  magnetism  of  the  electro-magnet,  and  consequently 
only  weak  currents  are  produced  in  its  surrounding  coil.  These 
weak  currents,  as  previously  explained,  passing  through  the 
coils  of  the  electro-magnet  in  the  same  direction,  instantly  increase 
the  magnetism,  thereby  again  producing  increased  induced  currents 
ill  the  armatiure,  and  so  on,  until  the  iron  of  the  electro-magnet  has 
taken  up  the  highest  amount  of  magnetism  which  it  is  capable  of 
holding.  In  this  arrangement  the  coils  are  kept  short-circuited, 
and  so  kept  during  the  revolutions  of  the  armatures  until  current 
and  armature  are  developed  to  their  utmost  extent.     By  now 
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Fig.  266. 


Fig.  267. 


Suddenly  opening  this  short  circuit,  a  yery  powerful  current  of 
ehort  duration  will  pass  through  a  line  connected  to  the  terminals. 
The  throwing  open  of  the  circuit  is  arranged  hy  an  ingenious 
mechanical  arrangement,  which  comes  into  play  after  a  certain 
number  of  revolutions  of  the  driving  wheel,  which  is  geared  to  a 
cog-wheel  on  the  end  of  the  armature.  This  machine  has  heen 
found  very  successful  as  an '  exploder '  of  fuses. 

(190)  Abel's  Sleotrto  Fuses. — The  fuse  for  mining  purposes 
consists  of  a  head  which  is  of  boxwood,  containing  three  perforations 
(^gs.  266  and  267)  ;  one,  passing  downwards  through  the  centre,  re- 
ceives about  two  inches  of  double  in- 
sulated copper  wire  a,  enclosed  side  by 
side   at  a  distance  of  one-sixteenth  of 
an  inch  in  a  coating  of  g^tta-percha ; 
the  other  two  perforations,  which  are 
parallel  to  each  other  on  each  side  of 
the  central  one,  and  at  right  angles  to 
it,  serve  for  the  reception  of  the  circuit 
wires.     The  arran<rement  for  securing 
the  connection  of  these  with  the  insu- 
lated wires  in  the  fuses  is  as  follovrs : — 

The  piece  of  double  covered  wire 
above  referred  to  is  originally  of  a  suffi- 
cient length  to  allow  of  the  gutta-percha 
being  removed  from  about  one-and-a- 
half  inches  of  the  wires.  Thase  bare  ends  of  the  fine  wires,  which 
are  made  to  protrude  from  the  top  of  the  fuse-head,  are  then  pressed 
into  slight  grooves  in  the  wood  provided  for  their'protection,  and  the 
extremity  of  each  is  passed  into  one  of  the  horizontal  perforations 
in  the  head,  in  which  position  it  is  afterwards  fixed  by  the  in- 
troduction into  the  hole  of  a  tightly-fitting  piece  of  copper  tube, 
so  that  the  wire  is  firmly  wedged  between  the  wood  and  the 
exterior  of  this  tube,  and  thus  at  the  same  time  brought  into  close 
contact  with  a  comparatively  large  surface  of  metal.  It  will  be 
seen  that  it  is  only  necessary  to  fix  one  of  the  circuit  wires  into 
each  of  these  tubes  in  the  opposite  sides  of  the  fuse-head  in  order 
to  ensure  a  sufficient  and  perfectly  distinct  connection  of  each  one 
of  them  with  one  of  the  insulated  wires  in  the  fuse. 

The  e:ftremity  of  the  double  covered  wire,  which  protrudes  to 
the  distance  of  about  three-quarters  of  an  inch  from  the  bottom  of 
the  fuse-head,  is  provided  with  a  clean  sectional  surface,  by  being 
cut  with  a  pair  of  sharp  scissors,  care  being  taken  that  the  extre- 
mities of  the  fine  copper  wires  are  not  pressed  into  contact  by 
this  operation.    A  small  cap  of  about  half  an  inch  in  length  is 
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then  constructed  of  thick  tin-foil,  into  which  is  dropped  ahoit  o&e 
jrrain  of  the  priming  material.      The  doable  wire  is  then  inaoted, 

and  pressed  firmlj  down  into  the  cap. 
Fig.  268.  Fig.  369.      80  that  the  ezplosiye  mixture  is  dightiy 

compressed,  aiid  in  dose  contact  witii 
the  surfaces  of  the  terminals.  The  cap 
being  secured  with  twine,  the  fiiae  k 
readj  for  endosure  in  a  small  charge  of 
gunpowder.  The  powder  is  contained 
in  a  paper  case  tied  on  to  the  head,  or 
in  a  cylinder  of  sheet  tin,  tightly  fitting 
on  the  fuse-head  at  one  end  ;  the  other, 
after  the  introduction  of  the  powder, 
being  closed  with  a  plug  of  day  or 
plaster  of  Paris  (Mgs.  268  and  269). 
The  fuses,  as  they  are  manufactured, 
are  fitted  with  two  pieces  of  covered 
wire  twisted  together  (Fig.  270),  which 
are  tightly  fixed  into  their  proper  po* 
sitions  by  forcing  a  short  pin  of  copper 
wire  into  the  holes  of  tiie  fuse-hMd. 
They  are  thus  ready  for  insertion  into 
the  bag  or  other  receptacle  containing  the  charge  of  gunpowder, 
the  ends  of  the  covered  wires  protruding  from  the  opening  of 

Fig.  270. 


the  latter  to  a  convenient  distance,  for  effecting  the  junction 
with  the  branch  and  earth  wires. 

The  fuse  for  firing  cannon  (Fig.  271)  differs  somewhat  in  con- 
struction from  the  mining  fuse.  The  head  is  somewhat  longer, 
and  of  such  a  form  that  the  double  covered  wires  are  completely 
enclosed  in  it,  the  lower  extremity  of  its  central  perforation  still 
remaining  free  to  receive  the  top  of  the  quill  or  copper  tube,  which 
is  charged  with  gunpowder  in  the  same  manner  as  the  ordinary 
tube  arrangement  for  firing  cannon. 

The  Priming  Material. — When  a  copper  wire  has  been  covered 
with  vulcanised  gutta-percha  for  some  time,  the  surface  of  the 
metal  becomes  covered  with  a  layer  of  sulphide  of  copper,  which 
is  a  moderately  good  conductor  of  electricity.  It  was  discovered 
by  Statham  that  advantage  may  be  taken  of  this  fact  to  construct 
convenient  fuses  for  firing  gunpowder. 
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Let  A  B  (Fig.  272)  represent  a  copper  wire  thus  covered,  but  from  which 
the  upper  surface  of  the  coating  is  removed,  and  the  wire  interrupted  ft'om 
ato  b.    If  a  current  of  electricity  of  8u£Scient  tension  be 
caused  to  circulate  through  the  wire,  it  will  leave  the  wire         Fig.  271. 
at  the  point  a  and  pass  through  the  sulphide  of  copper,  but 
here  sufficient  resistance  will  be  set  up  to  ignite  the  sulphide : 
oonsequently,  if  the  cavity  between  a  and  b  be  filled  up  with 
gunpowder  or  guncotton,  it  will  take  fire.    This  fuse  was 
suocessfullj  employed  in  exploding  mines  in  the  works  of 
Cherbourg,  a  KuhmkorfiTs  coil,  excited  by  two  of  Bunsen's 
cells,  being  the  power  employed. 

With  a  Statham^s  fuse  charged  with  fulminate 
of  mercury,  Colonel  Verdu  effected  a  simultaneous 
explosion  of  six  mines  in  the  circuit,  at  a  distance  of 
300  metres  from  the  apparatus,  a  coil  excited  by  a 
single  element  of  a  Bunsen's  battery  being  employed. 
It  was  found,  however,  by  Wheatstone  and  Abel,  that 
the  electro-magnetic  induction  machine  was  subject 
to  considerable  irregularity ;  that  the  conductor  be- 
cajue  liable  to  derangement  in  the  transport  of  the 
apparatus,  and  that  the  apparatus  was  so  liable  to 
injury  from  such  a  variety  of  causes,  as  not  to  be 
recommended  with  confidence  for  field  purposes;  they  therefore 
suggest,  in  preference,  the  mtigneto-electnc  machine. 

Fig.  27a. 
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The  ignition  of  gunpowder  by  the  direct  magneto-current  cannot 
be  effected  with  any  degree  of  certainty,  and  even  Statham's  fuses 
cannot  be  depended  upon.  The  priming  material  discovered  by 
Abel,  which  greatly  exceeds  in  sensitiveness  any  other  composition, 
is  prepared  by  reducing  separately,  to  the  finest  possible  state  of 
division,  mthphoapJUde  of  copper ^  sub-svlphide  of  coppery  and  chlorate 
of  potassa,  and  then  mixing  these  powdered  substances  very  inti- 
mately in  the  proportions  of  10  parts  of  the  first,  45  of  the  second, 
and  1 5  of  the  third,  by  rubbing  them  well  together  in  a  mortar, 
with  the  addition  of  sufficient  alcohol  to  thoroughly  moisten  the 
mass.  The  mixture  is  afterwards  carefully  dried,  and  may  be 
safely  preserved  in  clobe  vessels  till  required. 

Statham's  fuse  was  originally  discovered  by  accident ;  a  slight 
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break,  or  rather  want  of  contiomty,  had  occurred  in  a  piece  of 
ordinary  guttapercharcovered  wire,   due  to  the  action  of  the 
sulphur,  which  was  formerly  used  in  the  preparation  of  the  gattar 
percha,  on  the  copper  conducting  wire ;  thia  had  prodooed  a 
decomposition  of  the  latter,  leaving  a  minute  break  in  the  oonr 
ductor  filled,  however,  with  sulphide  of  copper,  and  it  was  noticed 
that  on  the  passage  of  an  electric  current  through  the  com- 
paratively bad  conductor  thus  introduced  into  the  break,  great 
heat  was   produced,  by  which  powder    could  be    fired.    This 
illustrates  the  general  principle  on  which  all  fiises  to  be  fired  by  a 
current  of  electricity  of  high  tension  are  constructed — ^namely,  a 
minute  break  in  the  wire  conductor,  into  which  a  chemical  com- 
pound, or  mixture  of  compounds,  is  introduced  in  such  a  way  that 
the  current  must  pass  through  it,  and  produce  heat  sufficient  to 
fire  a  priming  charge  in  contact  with  it. 

In  applying  the  electric  spark  to  the  explosion  of  fuses,  the 
distance  from  each  other  of  the  metallic  points,  between  which 
the  spark  passes,  must  be  adjusted  with  great  nicety ;  it  is  also 
important,  when  a  number  of  charges  are  to  be  exploded  in  divided 
circuit  by  means  of  a  constant  battery  or  magneto-electiic 
machine,  that  no  residue  should  be  left  between  the  poles  after 
the  explosion  of  the  fuses,  which  would  still  serve  to  conduct  the 
spark  across  the  interval.  The  cormposition  discovered  by  Mr. 
Abel  completely  fulfils  the  latter  condition,  and  the  former  is 
ingeniously  secured  in  the  construction  of  the  fuse  by  means  of 
an  arrangement  of  double-covered,  insulated  wire,  by  which  the 
distance  between  the  wire  points  is  very  uniformly  established. 

(191)  Von  Sbner  Fuse. — Another  fuse  of  the  above  nature, 
more  recently  devised,  is  that  of  Baron  von  Ebner,  general  in  the 
Austrian  corps  of  engineers.  The  priming  in  this  fuse  consists  of 
a  mixture  of  equal  parts  of  sulphuret  of  antimony  and  chlorate  of 
potassa.  A  small  quantity  of  powdered  plumbago  was  formerly 
introduced  into  the  composition,  with  a  view  of  giving  a  certain 
amount  of  conductivity  for  testing  purposes;  it  was,  however,  found 
to  act  prejudicially,  occasionally  giving  too  much  conducting 
power,  and  rendering  the  ignition  of  the  fuse  somewhat  uncertain : 
it  has  consequently  been  discontinued. 

(192)  Seardalee  Fuse. — Another  form  of  fuse,  adapted  foi 
currents  of  high  tension,  is  that  devised  by  Mr.  Beardslee,  of  New 
York.  In  this  fuse  the  bridge  is  formed  by  means  of  plumbago, 
together  with  a  small  quantity  of  a  substance  which  importantly 
assists  the  plumbago  in  its  action,  the  nature  of  which  has,  how- 
ever, not  been  disclosed.  This  fuse,  though  adapted  for  a  current 
of  high  tension,  partakes  more  of  the  nature  of  the  platinum-wire 
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use,  having  a  metallic  bridge,  which  is,  so  to  speak,  burnt  by  the 
Xition  of  the  electric  current  passing  through  it. 

(193)  Abel's  Submarine  Sleotiie  Fuse. — ^The  very  de)icac7 
md  sensitiveness  of  Abel's  ordinary  fuse  renders  it  a  somewhat 
Lifficult,  and,  without  extreme  skill  and  care,  eyen  a  dangerous, 
>peration  to  test  it  after  being  placed  in  position  in  a  mine,  as 
}here  is  a  certcdn  chance  of  involuntarily  exploding  the  charge 
evliile  passing  a  test  current  through  it.  Under  these  circum- 
stances Mr.  Abel  imdertook  to  devise  another  form  of  fuse  for 
mbmarine  mining  purposes,  and  his  labours  have  met  with  perfect 
success.  His  new  fuse,  called  the  'submarine  electric  fuse,'  is 
constructed  as  follows : — 

The  bridge  consists  of  a  very  intimate  mixture  of  graphite  and 
fulminate  of  mercury.  The  mixture  is  compressed  into  a  cavity 
into  which  the  fuse  terminals  slightly  project.  The  electrical 
conducting  power  of  this  mixture  is  regulated  by  ramming  it  as 
tightly  as  possible,  till  it  offers  the  particular  resistance  required ; 
the  attainment  of  this  object  is  determined  by  keeping  a  feeble 
current  circulating  through  the  fuse,  with  a  galvanometer  in  circuit, 
luring  the  ranuning  process.  In  this  way  he  has  been  able  to 
manufacture  fuses  of  very  uniform  electrical  resistance,  which  can 
be  tested  with  perfect  safety  and  which  fire  with  great  certainty. 

(194)  Ibow-tension  Fuses. — Since  the  introduction  of  the 
Abel  submarine  electric  fuse,  Professor  Abel,  F.R.S.,  has  been 
ictively  engaged  in  maidng  experiments  and  investigations  into 
the  material  and  quality  of  the  wire  usually  used  as  the  bridge  for 
low-tension  fuses ;  from  these  experiments  he  arrived  at  the  fol- 
lowing conclusions : — 

1.  Both  the  German-silver  and  the  platinum-silver  alloy  are 
greatly  superior  to  platinum  in  regard  to  the  resistance  opposed 
to  the  passage  of  a  current,  and  the  heat  consequently  developed 
in  given  lengths  of  wire  of  a  particular  diameter. 

2.  German-silver  is,  in  its  turn,  superior  in  this  respect  to  the 
platinum-silver  alloy,  as  is  especially  apparent  in  the  finest  wires. 
Phis  superiority,  though  very  marked  in  considerable  lengths  of 
svires  of  the  same  diameter,  is,  however,  only  trifling  in  short 
lengths ;  the  comparatively  ready  fusibility  of  the  platinum-silver 
svire  contiibuting,  with  other  physical  peculiarities  of  the  two 
illoys,  to  reduce  the  fine  German-silver  wire  to  about  a  level  with 
t,  and  sometimes  even  to  a  somewhat  lower  level  as  regards  the 
:;hermal  efiects  produced.  Some  slight  influence  in  this  direction 
nay  perhaps  also  have  been  exerted,  in  these  particular  experi- 
nents,  by  the  greater  cooling  power  exerted,  by  the  brass  supports 
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between  which  the  wires  were  fixed  upon  the  G^ermao-dlver  nin 
of  comparatively  low  specific  gravity. 

Tlie  following    further  interesting  remarkB  were   made  hj 
Profe88or  Abel,  F.RS.,  in  a  paper  read  by  him  before  the  So^^ 
of  Telegraph  Engineers  in  May  1874: — *  In  selecting  a  wire  for  the 
construction  of  low-tension  fuses,  its  power  to  resist  corroaon 
when  in  intimate  contact  with  gunpowder  or  other  substance 
employed  as  the  igniting  medium  in  such  fuses,  especially  if  some 
moisture  should  be  accidentally  absorbed  by  them,  possesses  an 
important  bearing  upon  its  permament  efficiency.    In  Matthiessen's 
report  on  the  application  of  platinum-silver  wire  to  the  preparation 
of  standard  resistance^oils,  it  is  stated  not  to  oxidise  by  exposure 
to  air ;  it  has,  however,  been  observed  to  do  so  gradually,  to  the 
extent  of  becoming  tarnished,  and  as,  with  extremely  fine  wiree,  a 
very  superficial  oxidation  might  appreciably  afiect  the  resistance  of 
fuses  constructed  with  them,  it  was  thought  desirable  to  ascertain 
by  actual  experiment,  of  a  somewhat  severe  nature,  the  power  of 
such  wires  to  resist  corrosion  in  comparison  with  German-silver 
wire.    It  was,  of  course,  unnecessary  to  experiment  with  platinum 
wire  in  this  direction.    Wiree  of  the  two  alloys,  about  eight  inches 
long,  were  enclosed  in  glass  tubes,  and  each  wire  was  surrounded 
closely  by  gunpowder  and  guncotton  in  the  ordinary  air-dry  con- 
dition, one  of  each  being  also  simply  closed  in  air  for  purposes  of 
comparison.    In  addition  a  length  of  about  two  inches  of  each 
]cind  of  wire  was  buried  in  wet  gunpowder,  the  extremities  being 
allowed  to  protrude  sufficiently  for  testing  purposes.     The  resis- 
tances of  these  specimens  were  periodically  examined,  with  the 
following  results: — In  all  three  experiments  with  the  German- 
silver  wires  enclosed  in  tubes  there  were  indications  of  very  slight 
superficial  oxidation,  as  demonstrated  by  the  permanent,  though 
small,  increase  in  the  resistance  of  these  wires,  which,  in  the  case 
of  its  exposure  to  contact  with  guncotton,  continued  very  frradually 
up  to  the  forty-first  day,  when  it  became  stationary.     The  resis- 
tance of  the  platinum-silver  wires  in  glass  tubes  remained  constant 
throughout. 

*  The  exposure  of  the  wires  in  contact  with  wet  gunpowder  has 
afforded  very  marked  evidence  of  the  greater  liability  of  the 
(xerman-silver  wire  to  corrosion;  at  the  same  time  it  must  he 
borne  in  mind  that  this  test  far  exceeds  in  severity  any  conditions 
under  which  fuses  constructed  with  wire  bridges  would  be  likely 
to  be  preserved  in  actual  practice.  It  will  be  seen  that  the 
platinum-silver  wire  remained  unaffected  by  this  test  thirty-two 
days  after  the  continuity  of  the  German-silver  wire  had  been 
destroyed  by  corrosion.    The  great  influence  of  the  chai'coal  in  the 
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gunpowder  in  promoting  corrosion  in  its  capacity  as  an  electrolyte 
b  interestingly  demonstrated  by  the  fact  that  the  German-silver 
wire  remained  buried  for  twenty-two  days  in  wet  saltpetre  without 
undergoing  great  oxidation  (which  oxidation  did  not  progress 
after  that  time),  while  the  wire  which  was  buried  in  wet  gun- 
powder was  destroyed  by  corrosion  within  six  days/ 

The  following  remarks  relating  to  the  construction  of  low- 
tension  or  wire  fuses  conclude  the  interesting  and  most  valuable 
paper  of  Professor  Abel : — 

^  It  need  hardly  be  stated  that  uniformity  in  resistance  is  an 
important  quality  to  be  arrived  at ;  it  is,  moreover,  a  quality  the 
attainment  of  which  does  not  solely  depend  upon  the  employ- 
ment of  a  wire  of  uniform  conductivity,  but  also  demands  careful 
attention  to  details  in  the  construction  of  the  wire  bridge,  and 
in  the  application  of  the  igniting  material  or  *  priming '  round  the 
bridge,  the  necessity  for  such  care  increasing  with  the  fineness  of 
the  wire  employed  in  the  fuse. 

'  Uniformity  in  the  resistance  of  wire  fuses  made  with  one  par- 
ticular kind  and  size  of  wire  depends  obviously  in  the  first  instance 
upon  the  employment  of  the  same  length  of  wire  as  the  bridge  in 
each  fuse.  With  a  view  to  attain  this  end  the  copper  terminals 
must  be  accurately  fixed  at  the  same  distance  apart  in  the  several 
fuses:  the  wire  must  be  always  uniformly  stretched  across  be- 
tween these  terminals  (and  therefore  strained  from  one  to  the 
other  as  tightly  as  possible),  and  its  two  extremities  must  be 
attached  to  the  terminals  as  imiformly  as  possible.  The  following 
general  directions  for  constructing  the  terminals  and  wire  bridge 
will  indicate  the  manner  in  which  uniformity  in  the  resistance  of 
the  fuses  may  be  attained : — 

'  The  bared  ends  of  the  insulated  copper  wire  which  are  to  form 
the  terminals  are  firmly  fixed  at  a  uniform  distance  apart  (0*25  inch 
is  found  a  very  convenient  distance)  by  being  inserted  into  a  die 
or  mould,  and  pai*tly  embedded,  while  in  that  position,  in  a  plug 
of  some  very  hard  cement  or  composition,  which  attaches  itself 
thoroughly  to  the  copper  surfaces.  A  mixture  of  plaster  of  Paris 
or  Portland  cement  and  sulphur,  which  is  cast  round  the  wires 
while  sufficiently  hot  to  be  viscid,  is  a  good  material  for  the  pur- 
pose ;  or  the  wires  may  be  embedded  in  a  plug  of  india-rubber 
preparation  of  the  proper  composition  for  subsequent  conversion 
into  ebonite;  In  either  case  the  sulphur,  which  is  a  component  of 
both  preparations,  attacks  the  surfaces  of  the  copper  wires,  and 
thus  ensures  their  being  quite  immovable  when  the  plug  has 
cooled.  The  bare  ends,  or  terminals,  should  project  about  0*25 
inch  beyond  the  plug  in  which  the  wires  have  been  fixed,  and 
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Bliould  be  uuiform  in  length  and  well  brightened.    In  stretching 
the  tine  wire  across  from  one  terminal  to  the  other,  puns  should 
be  taken  to  do  this  always  as  tightly  as  possiUe,  and  in  a  perfecdy 
horizontal  line,  so  as  to  ensure  the  employment  of  uniform  lengths 
of  wire  in  different  fuses     Means  should  be  adopted  for  maliing 
the  terminals  hold  the  wire,  by  the  obviouB  expedient  of  roughen- 
ing the  surfaces  of  the  copper,  or  of  cutting  a  fine  slit  into  thai 
extremities,  into  which  the  wire  may  be  inserted.     The  latter 
should,  when  properly  strained  and  wrapped  round,  or  let  into 
the  tenuinalB,  be  firmly  attached  to  these  with  solder,  carefully 
applied  by  means  of  a  small  rod  to  the  hack  of  the  terminals,  so 
as  not  to  be  brought  into  contact  with  the  wire  bridge  itself. 

*  nther  guncotton  or  g^powder  is  now  very  generally  on- 
ployed  as  db  priming  agent  in  platinum-wire  fuses— t.e.  as  a  means 
of  facilitating  the  production  of  explosion  by  such  fuses — ^hecMue 
tiie  heat  developed  on  passing  a  current  through  a  fuse,  if  it  should 
bo  insuificient  to  melt  the  wire,  or  to  raise  it  to  the  temperature 
necessary  for  the  ignition  of  gunpowder,  may  yet  suffice  to  ignite  the 
comparatively  readily  explosive  guncotton.  A  small  tuft  of  gun- 
cotton  wool  is  generally  pressed  round  the  wire  bridge,  or  a  ]|Sece 
of  guncotton  yarn  is  tied  upon  it ;  but  though  either  of  these 
modes  of  applying  the  guncotton  priming  can  be  readily  used  in 
fuses  containing  the  comparatively  coarse  and  strong  wire  hitherto 
employed,  they  are  not  so  easily  applicable  in  conjunction  wiSk 
fine  wires,  »8  these  are  liable  to  be  broken  in  the  operation,  or  as, 
for  fear  of  this  occurring,  the  priming  is  not  brought  into  properly 
close  contact  with  the  whole  of  the  bridge,  a  condition  which 
iucrenses  in  importance  as  the  source  of  heat  in  the  fuse  is  dimi- 
nished bv  a  reduction  of  the  thickness  of  the  wire.  A  simple 
modification  in  the  mode  of  applying  the  guncotton  ensures  a 
thoroughly  efficient  priming  of  the  fuse,  without  any  risk  of  the 
fracture  of  the  bridge  being  incurred.  A  very  fine  guncotton 
powder  or  dust  is  prepared  by  taking  dry  pulped  guncotton,  or 
compressed  guncotton,  scraped  or  broken  up  to  powder,  and  siftiii}: 
this  through  muslin ;  the  dust  thus  obtained  is  intimately  mixed 
by  means  of  a  feather  or  hair  pencil  with  suUicient  mealed  gun- 
powder or  detonating  powder  to  make  it  flow  readily  into  a  small 
cavity.  When  the  bridge  of  the  fuse  has  been  fixed  in  position 
into  the  fuse-head  or  case,  this  priming  powder  may  be  poured  in 
and  made  to  surround  the  bridge  thoroughly  and  compactly  by 
gently  tapping  or  shaking  the  case,  without  the  slightest  risk  of 
brealdng  the  bridge. 

'  There  is  no  doubt  that,  by  combining  care  in  cocstmction  of 
the  fuse  with  the  employment  of  fine  wires  of  the  nature  referred 


HULTIPLB  MINES. 


351 


Fig.  273. 


to,  the  low-tension  or  wire  fuse  attains  a  degree  of  sensitiveness 
and  uniformity  which  must  render  it  a  formidable^  and  in  many 
instances  a  very  successful,  rival  of  the  high-tension  fuse  in 
directions  in  wMch  hitherto  the  latter  has  been  pre-eniinent  for 
efficiency,  more  especially  in  connection  with  the  employment  of 
ample,  powerful,  and  portable  electrical  appliances  for  the  explosion 
of  mines/ 

(195)  Verdu's  Sbeotomlo  Arrangement  of  the  Charges. — 
The  discharge  from  the  induction-coil  machine,  unlike  that  from  the 
Leyden  jar,  which  will  pass  through  several  hundred  solutions  of 
continuity,  producing  a  spark  at  each  interruption,  becomes  so 
enfeebled  by  successive  interruptions  in  the  metalUc  circuit,  that 
it  is  impracticable  to  ignite  with  certainty  a  number  of  charges  in 
one  circuit  beyond  certain  limits,  which,  with  Statham's  fuses,  are 
Tery  narrow.  Verdu, 
therefore,  arranged  the 
mines  to  be  fired  in 
groups,  so  that  each 
group  formed  a  special 
cnrcuit ;  by  then  bring- 
ing each  circuit  in  very 
quick  succession  in  con- 
nection with  the  instru- 
ment, the  mines  were 
discharged  with  a  ra- 
pidity which  had  the 
practical  efiect  of  a 
simultaneous  discharge. 
One  of  the  arrange- 
ments adopted  is  shown  in  Fig.  273,  where  c  represents  a  wire 
connecting  one  pole  of  the  induction  coil  with  an  instrument  r/, 
called  a  rheotome,  the  other  pole  being  connected  with  the 
earth.  The  rheotome  is  provided  with  binding  screws  for  receiv- 
ing the  separate  wires  &,  which  lead  to  the  mines  m.  These 
screws  are  fixed  into  small  copper  plates  isolated  from  each  other, 
being  either  let  into  the  wood  or  separated  by  strips  of  glass.  The 
wire  cfrom  the  coil  machine  is  in  connection  with  a  sort  of  metallic 
finger/,  which,  by  means  of  an  insulating  handle,  may  be  made  to 
describe  a  semicircle  with  any  degree  of  rapidity  that  may  be  re- 
quired ;  and  as  its  one  extremity  presses  firmly  upon  the  instru- 
ment at  a  point  near  any  one  of  the  binding  screws,  it  is  brought 
alternately  into  contact  with  the  several  small  plates  with  which 
they  are  connected,  thus  bringing  them  (and  therefore  the  mines) 
into  connection  with  the  coil  machine.  The  wii'es  e^  and  the  plates 
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Fig.  274. 


of  metal  E  connect  the  charges  and  the  coil  maclune  with  the 
earth. 

(196)  Savmr«'s  AmMwwnmnt  of  tbe  etmat^em  In  BlTUiti 
Clroults. — By  diyiding  the  circuit  into  branches,  over  the  whofe 
of  which  a  current,  or  a  rapid  succession  of  currents,  are  distributed 
OD  the  completion  of  the  circuit,  as  was  first  suggested  by  M.  SaTare, 
a  method  of  securing  a  practically  omultaneous  discharge  of  a 
number  of  mines  more  efiective  than  the  so-called  rheotomie 
arrangement  of  Verdu  is  obtained. 

The  arrangement  is  shown  in  Fig.  274  (the  letters  of  reference 
iu  which  correspond  in  their  meaning  to  those  in  Fig.  273) ;  liie 

principal  difference  is  that 
the  rheotome  is  dispeneed 
with,  and  the  wires  are 
connected  directly  with  the 
wire  leading  to  the  mBr 
chine.  On  interpraing  one 
or  more  fuses  in  eack 
branch  of  the  circuit,  thoee 
which  happen  to  offer  the 
greater  focilities  in  thdr 
construction  to  the  pas- 
sage of  the  current  will 
explode  first,  and  the  fuses 
being  so  constructed  that 
the  terminals  of  the  wire 
in  them  are  forced  apart  by  the  explosion,  or  fused  by  the  heat 
{^'enerated,  the  further  passage  of  the  current  in  that  direction  is 
prevented,  and  the  remaining  fuses  are  in  their  turn  exploded. 
I]xperiment8  with  this  mode  of  discharge  were  first  made  at 
Grenoble  in  1854. 

It  was  found  by  Wheatstone  and  Abel  that  even  with  the 
sensitive  detonating  mixture  discovered  by  the  latter,  the  current 
obtained  from  a  powerful  magneto-electric  machine  was  very 
limited  in  its  powers  when  applied  to  the  ignition  of  several  charges 
arranged  in  succession  in  one  circuit ;  but  by  arranging  the  charges 
in  divided  circuits,  the  ignition  of  twenty-five  charges  could  he 
with  certainty  effected  by  the  current  obtained  from  a  small  horse- 
fc^koe  magnet,  7  inches  in  length,  i  inch  in  breadth,  and  i  finch 
in  thickness,  provided  with  a  revolving  armature  and  multiplying 
wheels,  and  by  means  of  Wheatstone's  magnetic  exploder  (Figs. 
264,  265),  twenty-five  charges  could  be  fired  in  divided  circuit  with 
such  rapidity  that  the  effect  on  the  ear  was  as  of  one  explosion. 

( 1 97)  Tbeory  of  the  Maffneto-eleotrio  Maobine. — A&  often 
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the  bent  ends  of  the  armatures  or  mductors  F,  f,  f  (Figs*  248, 249, 
250)  are  by  the  rotation  of  the  wheel  brought  opposite  the  poles  of  the 
magnet,  they  become  magnetic  by  induction ;  but  being  soft  iron, 
they  lose  their  magnetism  when  they  are  in  the  position  shown  in 
fig.  248 — i,e.  at  right  angles  to  the  magnetic  poles.  Now,  we 
have  seen  (170)  that  at  the  moment  of  the  indtustion  as  well 
as  of  the  deBtructum  of  the  magnetism  in  an  iron  bar  surrounded  by 
copper  wire,  currents  or  waves  of  electricity,  moving  however  in 
opposite  directions,  are  induced  in  the  wire,  if  the  circuit  be  com- 
plete ;  the  points  k  (Fig.  248)  are,  therefore,  so  arranged  that  they 
ahall  leave  the  mercury,  and  thus  break  the  circuit  in  the  wire 
surrounding  the  armature  F,  at  the  moment  that  its  ends  become 
opposed  to  the  poles  of  the  magnet ;  for  which  purpose  they  must 
be  placed  at  nearly  right  angles  to  it :  the  circuit  is  thus  broken 
at  the  precise  moment  that  a  rush  or  wave  of  electricity  is  deter- 
mined in  the  wire,  and  hence  the  electrical  effects  that  are  obtained. 

The  laws  which  regulate  the  magneto-electric  force  excited  by 
magnetism  in  the  induction  coUs  haye  been  inyestigated  by  Lsnz, 
and  his  results  agree  with  those  which,  in  conjunction  with  Jacobi, 
he  had  previously  found  to  regulate  the  intensity  of  the  electro- 
dynamic  force  excited  by  voltaic  currents. 

These  laws  are : — 

z.  That  the  magneto-el''ctric  ^lergy  m  an  indaction  8;MlraI»  Ixyr  meaoe  of 
magnetism,  is  equal  to  the  sum  of  the  electro-motive  forces  of  aU  the  Individ 
dual  coils  of  the  wire ;  this  is  in  accordance  with  the  ftuidamental  law  of 
Ohm  (108). 

2.  That  with  equally  powerful  currents  the  magneto-electric  force  will  be 
neariy  proportional  to  the  number  of  coils,  the  thickness  ef  the  wire  exerting 
no  influence  on  it ;  the  intensity  will,  however,.  b«^  slightly  diminished  by 
increasing  the  width  of  the  coils. 

(198)  Tbe  Bxtra  Current. — ^If  a  small  pajr  of  voltaic  plates  be 
moderately  excited,  and  a  small  short  wire  used  to<  connect  its 
mercury  cups,  no  spark,  or  osnly  a  very  minute  one,  will  be  per- 
ceived either  on  making  or  breaking  contact.  As,  however,  the 
length  of  the  connecting  wire  increases,  the  spark  becomes  pro- 
portioncdly  brighter,  until^  from  extreme  length,  the  resistance 
offered  by  the  metal  begins  to  interfere  with  the  principal  result. 

If  two  equal  lengths  of  wire  be  taken,  and  one  made  up  into  a 
helix  and  the  other  laid  out  upon  the  floor,  and  if  each  be  used  to 
connect  the  mercury  cups  of  a  small  battery,  a  very  great  difference 
will  be  observed  in  the  size  of  the  spark  afforded  by  each  on  break- 
ing contact.  Suppose  the  length  of  each  to  be  60  feet,  the  wire 
laid  on  the  floor  will  give  a  small  bright  spark,  while  the  wire 
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wound  in  a  helix  will  produce  a  bzilluuit  spark,  aoeomptmed  \r[  a 
snap. 

Again,  to  render  the  fact  still  more  deeisiye,  let  loo  &et  of 
covered  copper  wire  be  bent  in  the  middle  so  as  to  form  a  donUe 
tennination,  which  can  be  connected  with  the  battery.  Let  one 
half  be  wound  into  a  helix,  and  let  the  other  remain  in  its  extended 
condition ;  use  these  alternately  as  the  connecting  wire,  and  the 
helix  will  be  found  to  give  by  far  the  stronger  spark. 

The  spark  and  the  snap  are  much  increased  when  a  bar  of  soft 
iron,  or  a  bundle  of  soft  iron  wires,  is  introduced  into  the  azis  of 
the  helix ;  the  reason  being,  that  the  iron,  which  becomes  nng- 
netised  by  the  power  of  the  continuing  current,  loses  its  magnstiai 
at  the  moment  the  current  ceases  to  pass,  and  in  so  doing  tends,  m 
we  have  already  seen  (172),  to  produce  an  electric  current  in  the 
wire  round  it. 

Now,  we  have  already  seen  (171)  that  if  two  wires  be  placed  paiil- 
lel  to  each  other,  and  a  current  from  a  voltaic  battery  established 
in  one,  a  wave  of  electricity  in  the  same  direction  is  induced  in  the 
other  the  moment  the  current  ceases  cu  flow  through  the  fint 
Under  these  circumstances  (the  second  wire  forming  a  oompleli 
circuit)  the  spark  on  breaking  battery  contact  is  very  feeUe^  ftr 
less  than  if  the  second  wire  were  away,  for  in  the  latter  case  thi 
wave  which  on  breaking  contact  would  have  been  induced  in 
second  wire  is  now  induced  in  itself. 

If  the  inductive  action  of  a  wire  a  foot  long  upon  a  coUatonl 
wire  also  a  foot  in  length  be  observed,  it  will  be  found  to  be  veit 
small,  but  if  the  same  current  be  sent  through  a  wire  50  feet  long, 
it  will  induce  in  a  neighbouring  wire,  also  50  feet  long,  a  far  men 
powerful  wave  of  electricity  at  the  moment  both  of  breaking  and 
making  contact ;  a  similar  effect  should  obviously  take  place  wha 
the  conducting  wire  is  also  that  in  which  the  induced  current  is 
formed ;  hence  the  reason  why  a  long  wire  may  give  a  brighter 
spark  than  a  short  one,  although  it  may  carry  less  electricity.  If 
the  long  wire  be  made  into  a  helix,  it  will  be  still  more  effectiTe 
in  producing  sparlcs  on  breaking  contact,  for  by  the  inductive 
action  of  the  convolutions  each  aids  its  neighbour,  and  is  aided  in 
turn,  and  the  sum  of  effects  is  in  consequence  greatly  increased. 

The  current  which  a  wire  thus  induces  in  itself  is  called  the 
ejctra  current ;  that  produced  on  making  battery  contact  is  in  direc- 
tion contrary  to  that  of  the  principal  current,  and  is  called  the 
inverse  extra  current ;  that  produced  on  breaking  battery  contact 
is  in  the  same  direction  as  that  of  the  principal  current,  and  is 
called  the  direct  extra  current. 

(199)  Benry**  Colls  |  SeoonOary  Currents. — ^The  waves  or 
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currents  of  electricity  thus  induced  aro  capable  of  giying  powerful 
ihocksy  of  magnetisiiig  steel  bars,  and  of  producing  chemical  de- 
iompodtion. 

Let  a  (Fig.  275)  be  a  ribbon  of  copper  corered  with  lister  fdlk,  aboot  100 
bet  long  and  z  inch  wide ;  and  let 
^  be  a  helix  of  fine  covered  copper  ^^  ^ 

win  about  1,500 yards  long;  let 
^  be  placed  on  a,  a  plate  of  glass 
intervening;  let  the  experimenter 
pasp  the  metallic  handles  attached 
to  the  ends  of  the  coil,  whilst  an 
iwintant  makes  and  breaks  contact 
litween  the  ends  of  the  ribbon 
ad  a  small  simple  voltaic  battery, 
lewerfol  shocks  will  be  experi- 

noed  every  time  the  mptore  is  made  and  the  contact  renewed,  which,  unless 
he  twttery  be  very  smail,  may  be  excruciating. 

Dr.  Henry,  of  New  Jersey,  to  whom  we  are  indebted  for  a  very 
laborate  investigation  of  l^e  phenomena  of  induced  electrical 
nments,  constructed  a  ribbon  coil  300  feet  long  and  i^  wide,  and 
Mtlix  of  copper  wire^ve  miles  long.  With  this  apparatus  shocks 
»oiild  be  obtained  when  the  coil  and  the  ribbon  were  four  feet 
iparty  and  at  a  distance  of  twelve  inches  they  were  too  strong  to  be 
aken  through  the  body. 

If,  instead  of  the  helix  of  thin  copper  wire  b,  a  ribbon  similar 
'JO  a  he  employed,  then  powerful  shocks  can  no  longer  be  obtained. 
rhe  induced  current  has  the  properties  of  one  of  considerable 
fumUity,  but  of  moderate  *tn^en«»i^y.  Spai'ks  are  produced  when 
inds  of  the  secondary  ribbon  are  rubbed  together.  When  a  small 
soil  of  wire  enclosing  a  needle  is  interposed,  the  needle  becomes 
nagnetic ;  a  piece  of  soft  iron  is  temporarily  magnetised,  and 
vater  is  decomposed. 

(200)  darrenta  of  tlie  Tblrd,  Fourth,  and  71ftb  Orders. — 
L)r.  Henry  arranged  a  series  of  ribbons  and  coils  in  the  manner 
(bown  in  Fig.  276.  On  transmitting  an  intermitting  voltaic  cur- 
■ent  through  a,  a  secondary  current  is,  as  we  have  seen,  induced  in 
»,  placed  at  a  distance  above  it.  Now,  this  secondary  current,  by 
jassing  through  the  third  ribbon  coil  c,  induces  a  current  of  the 
.hird  order  in  the  helix  d ;  and  this  coil  again,  by  passing  through 
he  helix  e,  induces  a  current  of  the  fourth  order  in  the  ribbon  coil 
^,  as  is  proved  by  the  power  it  possesses  of  magnetising  a  needle  in 
ihe  small  helix  g.  Henry  further  determined  that  there  existed 
m  altenialion  in  the  direction  of  the  currents  of  the  several  orders, 
^nunencing  with  the  secondary ;  it  was  as  follows : — 

AA2 
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Primary  current  a  (on  making),  direct. 

Secondaiy  current  6  c  (on  making),  tuverte ;  (on  breaking),  £nd. 
Tertiary  current  de  (on  making),  direct ;  (on  breaking),  tmene. 
Quaternary  current/^  (on  mal±ig),  woene ;  (on  bteaking),  £rtet. 

and  80  on,  currents  oren  of  the  seventh  order  haying  been  obtained, 
the  successive  currents  being  alternately  direct  and  inverse. 

Fig.  376. 


The  current  induced  /by  the  helix g  is  one  of  quantity]  bat 
the  effects  of  the  induced  tertiary  current  in  d  are  those  of  inten- 
sity, and  by  grasping  metallic  handles  attached  to  the  ends  of  thit 
helix,  shocks  may  be  received.    Thus  a  quantity  current  may  \» 
induced  from  one  of  intensity  and  the  converse.    Henry  found  also 
that  on  interposing  a  screen  of  any  conducting  substance  between 
a  and  6,  no  secondary  currents  could  be  obtained :  a  areolar  plite 
of  lead,  for  instance,  caused  the  induction  in  5  almost  entirely  to 
disappear ;  but  when  a  slip  of  the  metal  was  cut  out  in  the  diIe^ 
tion  of  a  radius  of  the  circle,  the  induction  was  not  in  the  least 
interfered  with. 

Again,  the  coil  h  being  placed  upon  at,  with  the  two  ends  sepa- 
rated, and  on  the  coil  the  helix  dj  shocks  could  be  obtained  firom 
the  latter  as  if  the  coil  were  not  present ;  but  when  the  ends  of  h 
were  joined,  so  as  to  form  a  perfect  metallic  circuit,  no  shocks 
could  be  obtained.  These  effects  were  referred  by  Henry  to  Ike 
changes  in  the  direction  of  the  induced  currents ;  the  secondarr 
current  which  is  induced  in  the  screening-plate  or  closed  ribbon 
coil,  is,  on  breaking  contact,  in  the  same  direction  as  the  current 
from  the  battery ;  it  nevertheless  tends  to  induce  a  current  in  the 
adjacent  conducting  matter  in  a  contrary  direction.  A  similar  re- 
action, as  it  were,  may  be  observed  by  placing  on  a  flat  ribbon  coil 
another  similar  coil,  and  then  taking  the  shock  from  the  first  when 
the  ends  of  the  second  are  joined,  the  intensity  will  be  found  to  be 
greatly  diminished ;  although,  if  the  ends  of  the  second  coil  be  not 
joined,  no  difference  in  the  intensity  of  the  shock  will  be  pe^ 
ceived. 

(201)  Sl«otr«-inag«etto  CoU  Machines. — The  instruments 
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that  hftTB  been  conatructed  for  the  exhibition  of  the  intense  elec- 
trical cunenta  oi  waves  obtained  bj  magneto-  aud  volta-electric 
induction,  have  assumed  a  variet;  of  forma,  and  the  batteiy  con- 
tact is  broken  and  renewed  in  a  Tsrie^  of  ways.  Some  of  these 
Oacbines  ate  shown  in  Figa.  277,  278,  279,  and  sSo. 


In  Fig.  377  tbe  primuy  c 


il  is  about  35  fret  long,  knd  the  MCODdsry  *baut 
1,400  feet  I  battery  contact  la  broken  and  re- 
newed bf  the  nrtAtion  of  ■  »att  iron  bar  k, 
whicb,  mounted  becweea  two  bran  pillars,  u 
jitiuted  Immediately  over  (be  axis  of  the  coil 
in  which  it  placed  a  bimdle  of  soft  iron  wires. 
The  current  ftom  the  battery  panel  through 
the  pUlai  it  and  the  axis  canying  tbe  iron 
bar,  and  contact  is  broken  and  renewed  by 
the  point  i  dipping  aa  A  lerolTes  into  and  out 


of  the  mercury  contained  in  the  braae  cup  g,  wbidi  ia  mounted  on  tbe  braas 
pillar  a,  through  whieh  tbe  oircuit  is  completed ;  cornmnnicatioD  with  the 
voltaic  pair  ia  eetobliahed  through  tbe  binding  screws  at  the  base  of  tbe 
■ppantos. 

In  Fig.  978  tbe  current  from  the  battery  passes  from  the  binding  screwy 
ap  the  wire  a,  which  terminates  in  a  small  disc  of  iron  arraoged  immediately 
over  the  bundle  of  iron  wirte  in  the  axis  of  the  coil,  from  which  it  ia  pre- 
veot«d  from  coming  immnliatety  into  CDnUc^  when  the  machioe  is  not  in 
acXion,  by  the  horizontal  Bpiing  by  whieh  it  is  connected  with  the  wire  a. 
The  binding  sciew  c  is  connected  with  the  wirv  ft,  the  top  of  which  is  seen 
in  the  figure  ridng  above  the  coil.  On  the  top  of  this  wire  is  a  horizontal 
alip  of  metal  tipped  with  platinum,  andwiththia,bytheactionof  the  spring, 
the  disc  of  iron  is  liept  in  contact  Now,  when  connnstlon  is  made  with  the 
batifliy  through  Che  wires  ji  and  c,  the  central  core  of  iron  wire  becomes  mag> 
netised,  and  consequently  attracts  the  disc  of  iron,  thus  breaking  battery 
contact :  tlia  current  being  shut  off,  the  disc  of  iron  is  agsin  raised  bf 
tbe  ipring,  and   thns   cimCaet   ia   broken   and   renewed  with  amailitg 


35$  HionsTo-iLacnticm'. 

In  Fig.  379  the  aunUrt  braiker  ii  m  oamd  ipring  t,  wiUk  ti  mU  I 
rapidlf  roiind  b;  tlia  mnltipljlog  wheal  tad  handla  rf  atriUng  In  )H  <Ma  I 
igkiiut  the  DOtchM  Id  the  In- 

leciar  of  the  metallic  circle  b,  n     .«_ 

Thisdrcle  muat  have  an  odd  Fift  rto. 

□umber  <^  teeth  or  not<Jiet  In 
order  that  the  eada  of  the  S- 
ihaped  Bpriagmay  pcodoce  the 
•park  at  the  oppomte  paita  of 
rhering.  The  diametci  of  the 
ring  a  b  may  ho  about  5  inchea ; 
they  may  be  made  of  dilftnnt 
"  «uredii 
et  of  thoflqaarejui-ue 
A  by  umall  tnni  bnt- 
^  te  end  of  the  primaiy 


the  ring,  the  other  b  in  connection  with  the  binding  screii  4,  wliere  one  (f 
(be  batteiy  wires  ia  lo  be  fixed.  The  spring  e  haa  a  metajjio  oommmucatiin 
wilh  the  other  pole  of  the  battery  by  means  of  its  matiUic  socket,  to  which  a 
wire  is  soldered  and  brought  down  to  another  connecting  piece  synunetriol 
withe,  bat  not  shown  in  the  figure  1  //ate  the  nsnal  connecting  pieceaht 
admin iste'ing  the  shock,  &c  If  Ihe  ring  lias  a  diameter  of  12  iocbea,  aid 
if  a  tolerably  strong  battery  he  employed,  Tery  brilliant  effects  are  produced!. 
Fig.  aSorepresenls  Henley's  powerful  arrangementof  the  eloctro-magnalic 
edi  machine,  a  is  a  serios  of  U-ahaped  har«  of  aolt  iron,  wound  with  4  mill 
of  No.  14  covered  copper  wire  to  within  an  inch  of  either  estremily  ;  oier 
this  aie  wound  1,000  yards  of  No.  34  covered  wire  in  one  coutinuoua  length. 
B  ii  the  revolving  armature  which  rotates  between  the  poles  of  the  mapwt 
fixed  on  an  axis,  the  lower  end  resting  on  a  hard  steel  cap,  Uie  upper  kept 
In  its  position  by  a  screw  passing  through  a  flat  piece  ot  metal  moootad  on 
two  braaa  columns,  o  is  the  apparatus  for  breaking  contact,  ccaiaistiiig  of  a 
small  lever  o  suspended  on  a  pillar,  one  end  dipping  into  a  mercniy  cup  K 
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^^  the  other  provided  with  a  friction  roller,  mnning  on  an  ondulating 
^beel  e,  the  prominent  part  of  which,  raising  the  end  of  the  lever,  dijM  the 
^^er  end  into  the  mercury ;  a  spring  d  raising  it  out  when  the  roller  fails 
^H  the  lower  parts  of  the  wheel,  d  and  b  are  the  binding  screws  for  forming 
^^OQnection  with  the  battery ;  the  oppobite  screws  are  the  ends  of  the  second- 
^^  coiL  On  the  same  side  of  the  base  as  the  last  (not  seen  in  the  wood- 
cut) is  an  ivory  knob  which,  being  turned,  connects  the  ends  of  the  secondary 
X>il,  either  to  diminish  the  primary  spark,  as  the  armature  will  then  rotate 
^r  hoars  without  burning  the  mercury,  or  to  prevent  the  operator  Irom 
c^eceiving  an  unpleasant  shock  while  adjusting  the  instrument.  With  an 
Intensity  series  of  8  ceUs  of  Smee's  battery,  the  secondary  current  produces 
ft  spark  passing  through  one-eiiihth  of  an  inch  of  air,  and  with  lo  cells  of 
the  nitric  acid  battery,  the  spark  is  one-fifth  of  an  inch  in  length,  and  bril- 
liantly deflagrates  gold  and  silver  leaf. 

This  instrument,  from  the  facility  which  it  affords  for  uniting  and  dis- 
uniting the  ends  of  the  secondary  wire,  is  well  adapted  for  demonstrating 
the  indticti(m  and  reaction  of  electrical  currents. 

Numerous  other  forms  of  the  electro-magnelic  coil  machine 
hare  been  devised,  principally  for  the  medical  administration  of 
electricity ;  but  as  the  principle  is  the  same  in  all,  it  is  unnecessary 
to  describe  them. 

(202)  Bnlwnlrorira  ZBduotlon  Coil. — In  the  year  1842,  MM. 
Mmsou  and  Breguet  constructed  a  coil  with  which  they  obtained 
a  spwrk  between  the  terminals  of  the  secondary  coil  in  vacuo,  and 
also  Ignited  platinum  wire ;  but  from  the  imperfect  way  in  which 
the  wire  was  insulated,  they  could  not  obtain  a  sensible  spark  in 
free  air,  though  they  succeeded  in  charging  a  condenser.  About 
the  same  time  Mr.  Hearder  constructed  a  coil  with  which  sparks 
could  be  obtained  in  air,  and  Leyden  jars  charged. 

In  1851,  M.  Ruhmkorff  brought  the  induction  coil  to  far  greater 
perfection  than  it  had  hitherto  attained,  by  paying  the  greatest 
attention  to  the  insulation  of  the  secondary  wire,  which,  after 
being  covered  with  silk,  was  surrounded  with  a  layer  of  gum  lac, 
and  the  ends  attached  to  glass  columns  fixed  on  the  base-board  of 
the  instrument.  He  likewise  increased  considerably  the  length  of 
the  coil,  diminishing  at  the  same  time  its  thickness,  having  found 
experimentally  that  the  inductive  effects  of  the  apparatus  are  in- 
creased in  proportion  as  the  number  of  the  spirals  is  augmented. 
As  thus  constructed,  the  instrument  exhibited  extraordinary  effects : 
brilliant  sparks  were  not  only  obtained  at  the  points  of  disjunction, 
bat  also  between  the  wire  and  a  conducting  body  in  communica- 
tion with  the  earth,  whilst  in  vacuo  a  brilliant  and  continuous 
stream  of  stratified  light  was  produced.  By  interposing  in  the  cir- 
cuit of  the  primary  or  inducing  wire  a  single  condenser,  as  recom- 
mended by  Fizeau,  a  further  augmentation  of  power  was  obtained  ; 
the  sparks  in  the  free  air  were  increased  to  nearly  three-fourths  of 


360  IIAONBTO-BLBCTBICITT.  .      1 

itn  incb  in  length,  uid  were  accompanied  witli  a  gnapiring  doh, 
while  the  powei  of  tbe  cihocka  wai  ekalted  to  auch  a  d^itn  h  to 
be  excniciatJDf^,  and  sTsn  daogerous. 

Ruluukorffs  improTed  inductdou  coil  is  shown  inHg.  zSi. 

The  bnbbin  is  arranged  hariiontatly ;  Ui«  cnre  is  of  thin  oudbnri ) 
nnd  the  emis  are  either  of  (-Ims,  or  of  well-vaniiahed  -wood,  or  of  gnUa- 
ptrchi.  The  piimKry  coil  i>  a  well-intalatrd  wirs  of  abont  0-078  iscb  it 
'llnmetcr ;  the  Becondai7  ii  a  fine  thin  wire  (No.  36  nf  commeia!).  Tu 
■'Xtremities  of  tbe  latter  pass  throiif;h  tubes  of  glass  at  the  end  of  thebolibiii, 
if  the  ends  are  made  of  wood,  but  aimplT  Ihroa|rh  holes  drilled  in  tben  if 
Ihe.voreof  glauor^tti-peTcba.  In  Itie  AgureChe  extremitiea  of  tlie  thick 
eoil  aie  attached  to  the  colamn  i  o,  while  the  ends  of  the  fine  wire  are  ii>- 
Mn#d  iti  the  bnus  caps  b  c,  insulated  on  glass  coluams.  The  wires  ludti^ 
front  the  voltaic  battery  ue  attached  to  the  screws  a  B  on  either  side  of  the 


thiscjlinder  are  hxed  liy  BCrewB  ol  unequal  bim 

two  metfllbcplBlesAcBD. 

made  slightly  conrex.    The  largest  eeieWB,  a 

and  B.  passing  through  the 

ivori-.  are  inserted  into  the  brass  c>-hnders  a  aa 

Ei  tbe  smaller  screws,  cu, 

■re  inerely  sunk  into  the  iyorj' ;  tbe  copper  n]> 

On  turning  the  button  T. 

suppose  the  phite  B  D  to  be  brought  into  coatee 

t  with  the  spring  a  in  rom- 

munication  with  tiie  positive  pole  of  tha  bitte 

V,  tbe  current  *ill  proceed 

■s,  enteriuB  the  cylinder 
:  1.,  and  traversing  the  eoil  through  «,  will  re-enlfir  the  commutator  thniugh 
>.  and  rising  up  H  into  tlie  cylinder  o,  will  proceed  through  the  screw  a, 
umpletins  the  circuit  by  A  c  in  communication  with  the  negative  pole.  K, 
n  the  other  hand,  the  plate  B  i>  touch  the  spring  in  comniDiiicatioD  witi 
he  nefrative  pole,  It  is  cssy  to  see  that  the  direction  of  the  cnrreut  through 


ntpting  Appara 


TkeInU 
cuius  of  iron  1 
plate  of  iron  d,  called  the  Aami 
piece  of  copper  b,  called  the  a 


annected  nith  toe  of 
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the  metallic  strips  which  convey  the  current  to  the  primary  coil.  The  ends 
B  and  F,  of  the  hammer  and  anvil,  are  tipped  with  finely-polished  platinum. 
The  end  of  the  lever  e  d  drops  into  a  idit  in  the  upper  end  of  the  column 
o  I ;  one  end  of  the  primary  coil  enters  the  column  at  h.  The  operation  of 
this  interrupter  is  sufficiently  obvious ;  as  long  as  the  anvil  and  hammer 
remain  in  contact  the  current  is  closed ;  but  under  the  influence  of  the  cur- 
x^nt  the  fasciculus  of  iron  wires  becomes  magnetic,  and  the  iron  head  of  the 
hammer  is  attracted  ;  the  current  is  thus  interrupted,  but  at  the  same  moment 
the  iron  wires  lose  their  magnetism,  and  the  hammer  falls  again  on  the  head 

Fig.  283. 


of  the  anvil ;  this  act  restores  contact,  the  hammer  is  again  attracted  by  the 
remagnetised  iron,  and  thus  the  current  is  interrupted  and  renewed  with  a 
lapidity  the  greater  as  the  distance  between  the  hammer  and  anvil  is  less. 

The  CondeHner. — This  invention  of  Fizeau  was  adapted  to  his  coil  with 
great  effect  by  Rnhmkorff.  It  consists  of  two  sheets  of  tin-foil  pasted  on  either 
side  of  a  band  of  varnished  silk,  about  12  feet  long,  and  folded  between  two 
other  bands  of  the  same  silk,  the  whole  being  introduced  into  the  interior  of 
the  wooden  frame  of  the  instrument.  The  coatings  of  this  condenser  are  in 
contact  with  o  h  (Fig.  282). 

The  condenser,  then,  is  a  modification  of  the  Ley  den  jar,  but 
its  functions  are  not  clearly  understood.  According  to  Fizeau,  it 
condanses  and  destroys  by  a  static  effect  the  electricity  of  tension 
or  induction,  which  gives  rise  to  an  extra  current  in  the  induction 
'mre  and  which  reacts  on  the  induced  current  in  the  secondary 
wire  in  a  direction  contrary  to  that  of  the  voltaic  current.  The 
condenser,  by  absorbing  the  extra  current,  not  only  prevents  its 
injurious  action  on  the  contact  breaker,  but  becomes  itself  charged, 
one  coating  with  positive  and  the  other  with  negative  electricity ; 
these  two  electricities  recombine  immediately  through  the  primary 
wire  and  battery,  giving  rise  to  a  current  contrary  to  that  of  the 
latter,  the  consequence  of  which  is  the  instant  demagnetisation  of 
the  iron  core,  and  the  production  of  an  exceedingly  intense  wave 
of  induced  electricity  of  momentary  duration.  According  to 
Faraday,  the  action  of  the  condenser  is  to  diminish  the  intensity 
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of  the  inducing  current  at  the  moment  when  it  would  otherwiM 
produce  injurious  results.    At  the  first  moment  of  the  hirtih  ol  a 
current  in  the  wire,  lateral  induction  is  brought  about  at  the  ex- 
pense of  the  direct  induction  in  the  body  of  the  wire,  but  as  aoon 
as  the  former  has  attained  its  maximum,  the  latter  (that  of  the 
wire)  becomes  proportional  to  the  intensity  of  the  battery.    Thu 
on  connecting  the  two  coatings  of  a  Leyden  phial  by  a  bmgiosii- 
lated  wire,  and  presenting,  near  the  points  of  its  attadiment  to  the 
armjitures,  the  two  ends  of  another  wire  so  near  that  the  lesiBtaDee 
of  the  air  shall  be  less  than  that  of  the  wire,  a  great  part  of  the 
discharge  will  take  place  across  the  air ;  but  if  the  wire  be  in  eon- 
tact  with  one  of  the  coatings  of  a  condenser,  then  no  spark  will  be 
perceived  between  the  points ;  and  it  is  for  a  similar  reason  ihat 
the  spark  of  the  interrupter  in  RuhmkorfiTs  apparatus  is  sensiUT 
enfeebled. 

The  condenser  does  not  increase  the  quantity  of  electricitj  set 
in  motion  in  the  secondary  wire,  as  may  be  proved  by  the  galvano- 
meter, but  it  does  vastly  increase  its  intensity,  as  is  demonstrated 
by  its  physiological  effects,  and  by  the  length  of  the  spark  between 
the  terminals. 

Great  improvements  have  been  made  on  the  original  inductko 
coil  of  KuhmkoriT— by  the  inventor  himself;  by  Hoarder,  Bentlej, 
Apps,  and  Ladd,  in  this  country;  and  by  Bitchie,  in  America. 
These  improvements  have  been  based  on — i.  a  special  attention  to 
the  insulation  and  arrangement  of  the  secondary  coil ;  2.  the  in- 
crease in  the  size  and  arrangement  of  the  condenser ;  and  3.  the 
method  of  breaking  and  renewing  battery  contact. 

A  good  form  of  self-acting  contact  breaker  for  small  coils  is  that 
devised  by  Ladd,  which  is  constructed  with  the  object  of  giving 
the  oi)erator  the  means  of  setting  up  a  greater  or  less  resistance  to 
the  attractive  force  exerted  by  the  magnetic  iron  core. 

This  is  accomplished  by  attaching  the  hammer  to  a  stiff  spring  pUoed 
yertically  (as  shown  in  Fig.  283),  where  A  is  the  disc  of  iron  capping  one 
end  of  the  core  ;  b  the  iron  hammer  of  the  contact  breaker  surmounting  a 
stiff  spring  attached  to  a  brass  stand  screwed  to  the  base-board  of  the  in- 
strument ;  c  is  a  little  projecting  nipple  tipped  with  platinum  ;  d  a  corre- 
sponding little  disc  of  platinum  soldered  to  the  end  of  a  screw  which  puses 
through  the  top  of  a  brass  pillar  firmly  screwed  down  to  the  base-board; 
the  distance  between  cfand  c  can  be  regulated  with  the  greatest  nicety  by 
the  thumb-screw  e.  Now  when  c  and  d  are  in  contact,  and  the  commuta- 
tor is  turned  on,  the  battery  current  is  circulating  round  the  primary  coil ; 
the  fasciculus  of  iron  wires  becomes  magnetic;  b  is  attracted  to  a,  by 
which  act  c  and  d  are  separated ;  battery  contact  is  hereby  broken*  and 
the  ed'ects  of  the  induced  current  are  obtained  at  the  terminals  of  the 
secondary.    Now  by  turning  the  screw  g  the  point/  attached  to  its  axis 
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■^  be  Bade  topim  with  gnater  or  lev  force  on  the  spring  sopportint; 

dM  hammer,  thereby  kequng  c  and  d  mora  or  le«  firmly  in  contact,  ami 

wwwittating  a  oorresponding  degree  of  magnet- 

im  of  the  Iksciciilaa  to  part  the  platinum  diflcs ;  _. 

vhen,  however,  this  has  been  attained,  contact  '  ^' 

with  the  battery  is  instantly  broken,  and  the 

kammer  is  foioed  baek  with  violence  bv  the  coo- 

joint  action  of  the  qmng  and  screw,  d  and  e  again 

cflSDA  into  contact,  the  iron  core  again  becomes 

magnetic,  a  attracts  b,  and  the  batter}-  current 

ii  tupped,  e  is  again  fiurmed  upon  dj  and  so  on. 
Now  a  degree  of  pressure  may  be  exerted  on 

the  spring  support  of  B  by  the  screw  p;  sufficiently 

gntt  oitirely  to  overcome  the  attractive  force  of  a  ; 

BBder  such  drcnmstances  the  instrument  is  of 

eonne  passive,  but  by  relaxing  to  a  certain  degree, 

the  magnetic  power  of  the  core  just  overcomes 

the  antagonistic  force  of  the  spring,  and  then  it 

i>  that  the  most  powerfdl  inductive  efiects  are  obtained,  evidently  becauc« 

tte  fiMciculns  has  received  from  the  battery  its  maximum  amount  <^  mag- 

MtiflTD,  which  it  loses  instantaneously  by  the  interruption  of  the  batter}- 

ciieoit,  giving  rise  to  a  powerful  wave  of  electricity  in  the  secondaiy  cuil. 

(203)  BlUAile's  (Amerlottn)  Arrangement  of  RnhmkerlTa 

XftdaettoB  CoU. — One  of  the  most  powerful  instruments  for  the 

<^velopinent  of  the  phenomena  of  induced  secondary  currents  that 

^las  hitherto  been  constructed  is  that  probably  made  by  Ritchie, 

<i  philosophical  instrument  maker  of  Boston,  U.S.,  for  Mr.  Gassiot 

C-RW.  Mag.,  vol.  xv.  p.  466).    The  primary  wire  (No.  9  gauge)  is 

^ound  in  three  courses  as  a  helix  150  feet  in  length ;  the  interior 

bundle  of  wires,  which  are  very  carefully  annealed,  is  1 8  inches 

Xong  and  about  1}  inch  in  diameter;  the  primary  wire  has  a 

Oover  of  gutta-percha  one-tenth  of  an  inch  in  thicknesei,  passing 

'through  the  basement  to  a  plate  of  the  same,  to  which  it  is  united  ; 

over  this  gutta-percha  a  glass  tube  passes.    The  secondary  helix  is 

^vided  into  three  bundles,  each  5  inches  long,  wound  on  cylinders 

of  gutta-percha,  one-tenth  of  an  inch  thick  ;  the  wire  in  the  upper 

and  lower  is  of  No.  33  gauge,  each  25,575  feet ;  the  middle  is  of 

No.  32  gauge,  22,500  feet ;  forming  a  total  length  of  73,650  feet. 

The  stratum  of  wire  is  perpendicular  to  the  length  of  the  helix,  and 

the  wire  is  covered  with  silk. 

The  condenser  is  made  of  varnished  tissue-paper  of  three  thick- 
nesses between  each  stratimi  of  tin-foil.  There  are  three  condensers 
with  sur&ices  of  about  20,  100,  and  1 50  feet ;  by  means  of  screws 
these  can  be  used  separately  or  combined. 

The  contact  breaker  is  raised  by  means  of  a  ratchet  wheel  turned 
by  the  hand^  which  acts  on  a  spring,  so  that  the  platinum  surfaces 
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touch  freely.    The  upper  platmum  has  a  screw  and  hin^ng  not; 
the  hammer  must  not  bear  too  heavily,  aod  care  mast  he  tikm  to 
ail  just  the  ecrews  so  that  the  ratchet  wheel  works  welL    When 
the  handle  is  turned  very  slowly  the  contact  with  the  primiry 
current  is  prolonged,  and  the  iron  core  becomes  highly  noagnetiied; 
the  suddenness  of  the  break  instantaneously  developes  tiie  entiie 
force  of  the  induced  discharge,  not  only  giving  sparks  of  great 
length,  but  of  a  remarkably  dense  character,  the  main  length  of 
the  discharge  being  surrounded  by  a  sort  of  burr.    If  the  velocity 
of  the  rotation  be  increased  gradually,  the  discharge  as  gradosDy 
assumes  the  white  luminous  character  of  a  long  spark  taken  firam 
the  prime  conductor  of  an  electrical  machine ;  while  if  the  vekmty 
of  the  rotation  is  still  further  increased,  the  luminous  discharge  in 
air  will  disappear,  for  there  will  then  not  be  sufficient  time  b^ 
tween  the  make  and  break  contact  to  magnetise  the  iron  core  oo 
which  the  intensity  of  the  induced  discharge  mainly  depends. 

When  a  single  discharge  is  examined  by  Wheat8tone*s  revolt- 
ing mirror,  it  is  seen  to  be  elongated,  but  not  divided ;  if  a  Leydei 
jar  be  introduced,  the  length  of  the  spark  is  reduced,  but  it  In- 
comes exceedingly  bright  and  dense,  and  when  examined  with  tiie 
revolving  mirror,  it  is  resolved  into  two  separated  clearly  defined 
t*parks. 

The  maximum  effect  with  the  three  coils,  Gassiot  confliders, 
would  probably  be  to  produce  a  spark  ffteem.  inches  long,  but  he 
hoH  not  ventured  to  excite  the  coil  to  its  greatest  intensity.  Witli 
tive  cells  of  the  nitric  acid  battery  (each  platinum  plate  being  4x8 
inches),  he  obtained  from  the  three  coils  sparks  or  flashes  tvodte 
atid  a  quarter  inches  in  length ;  from  two  coils,  of  10  inches ;  and 
from  one  coil,  of  5  inches  in  length. 

The  method  of  coiling  the  secondary  wire,  beginning  with  the 
inner  circle  and  gradually  extending  to  the  outer  circumference 
(in  the  manner  that  seamen  coil  ropes  on  the  deck),  and  continu- 
ing the  next  layer  from  the  outer  to  the  inner,  and  so  on,  repeat- 
ing till  the  reel  is  completed,  secures  the  coil  from  the  risk  of 
disruption,  but  it  becomes  liable  for  the  discharge  to  pass  from  the 
internal  terminal  of  the  secondary  to  the  primary,  even  when  pro- 
tected by  a  glass  cover  and  thick  gutta-percha. 

Professor  Callan  uses  iron  wire  for  the  secondary  coil.  He  de- 
scribes {Vhil.  Mag.,  vol.  xvii.  p.  332)  a  coil  which,  though  only 
5  inches  long,  gives,  with  three  cells  of  the  cast-iron  battery,  each 
4  inches  square,  sparks  between  the  secondary  terminals  four  and 
one-eighth  inches  long. 

KuhmkorfTs  large  coils  contain  as  much  as  100,000  metres 
(  =  about  60  miles)  of  wire  in  the  secondary  coil ;  battery  contact 
is  broken  and  renewed  by  a  pointed  slip  of  platinum,  which  is 
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made  to  dip  in  and  out  of  an  amalgam  of  platinum  and  mercuiy, 
coyeied  with  alcohol,  either  by  the  hand  or  by  an  oscillating  beam 
worked  by  a  small  electro-magnet.  This  magnificent  electrical 
instrument,  when  excited  by  a  single  cell  of  Bunsen's  battery,  the 
carbon  plates  of  which  are  7x6  inches,  gives  sparks  3  j-  inches  in 
iMigth ;  two  cells  give  sparks  6^  inches ;  three  cells,  sparks  10^ 
inches ;  four  cells,  12^  inches ;  five  cells,  sparks  14  inches ;  six  cells, 
•parks  15  inches;  seven  cells,  sparks  16  inches.  Beyond  this  it 
IB  not  safe  to  go  for  fear  of  injury  to  the  instrument,  tiiough  with 
eight  cells  sparks  or  flashes  upwards  of  19  inches  in  length  have 
been  obtained. 

Mr.  Ladd  constructs  coils  with  between  6  and  7  miles  of  second- 
ary wire  which,  when  excited  by  five  cells  of  Grove's  nitric  acid 
liattery,  platinum  plates  5^  x  4  inches,  give  sparks  between  8  and 
9  inches  in  length.    These  lengths  he  has  since  exceeded. 

(204)  Apps's  Zndnotorlum. — The  greatest  improvements 
which  have  been  made  of  late  years  have  been  accomplished  by 
Mr.  Apps,  of  London,  who  has  succeeded  in  the  production  of 
induction  coils  giving  longer  sparks  than  any  hitherto  made.  The 
large  inductorium  made  for  the  Polytechnic  gave  a  29-inch  spark, 
but  with  a  less  machine  manufactured  for  Mr.  Spottiswoode  a 
spark  of  42  inches  has  been  obtained.  In  machines  manufactui'ed 
by  Mr.  Apps  he  has  succeeded  in  obtaining  sparks  longer  than  the 
coils  themselves. 

The  Figs.  284  and  285  give  a  front  view  of  the  inductorium, 
and  a  section  of  the  arrangement  of  the  coils.  The  following 
deecriplaon  has  been  furnished  by  Mr.  William  Spottiswoode,  F.H.S., 
himself: — 

'  Although  I  have  not  as  yet  many  experimental  results  suffi- 
ciently complete  for  communication  to  your  Magazine,'  I  still  think 
that  ^e  construction  of  an  induction  coil  capable  of  giving  a  spark 
42  inches  in  length  is  an  instrumental  feat  deserving  of  record  in 
tiie  annals  of  science.  I  therefore  venture  to  submit  the  particulars 
of  this  coil,  recently  completed  for  me  by  Mr.  Apps,  of  433  Strand, 
to  whose  skill  and  perseverance  the  success  of  the  undertaking  is 
due. 

'  The  general  appearance  of  the  instrument  is  represented  in 
the  following  figure,  by  which  it  is  seen  that  the  coil  is  supported 
by  two  massive  pillars  of  wood  sheathed  with  gutta-percha,  and 
filled  in  towards  their  upper  extremities  with  paraffine  wax. 
Besides  these  two  main  supports,  a  third,  capable  of  being  raised 
or  lowered  by  means  of  a  screw,  is  placed  in  the  centre,  in  oxder 
to  prevent  any  bending  of  the  great  superincumbent  mass.  The 
whole  stands  on  a  mahogany  frame  resting  on  castors. 

*  Philowphical  Magazine. 


UAQHBTO-ELlCTBICITr. 


APPS'S  INDUCTORIDU. 


367 


'  The  coil  is  fonuBhed  with  two  primarieB,  either  of  which  may 
be  used  at  pleaBure.  Either  may  be  replaced  by  the  other  by  two 
men  in  the  coarse  of  a  few  minutes.  The  one  to  be  used  for  long 
qnriuy  and  indeed  for  most  experiments,  has  a  core  consisting  of  a 
Imidle  of  iron  wires  each  0-032  inch  thick,  and  forming  together  a 
lolid  ejUsdsr  44  inches  in  length  and  3*5625  inches  in  diameter. 
Itiiraight  la  67  lbs.  The  copper  wire  used  in  this  primary  is  660 
jnds  in  leng^,  0*096  inch  in  diameter,  has  a  conductivity  of  93 
fKoaat,  and  offers  a  total  resistance  of  2*8  ohms.  It  contains 
Ii344  tarns  wound  singly  in  6  layers,  has  a  total  length  of  42 
hifOB,  with  an  internal  diameter  of  375  inches  and  an  external 
«f  475  inches.    The  total  weight  of  this  wire  is  55  lbs. 


Fig.  285. 
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*  The  other  primary,  which  is  intended  to  be  used  with  batteries 
^f  greater  surface — e.g.  for  the  production  of  short  thick  sparks,  or 
^or  spectroscopic  purposes — has  a  core  of  iron  wires  0*032  inch  thick, 
Conning  a  solid  cylinder  44  inches  long  and  3*8125  in  diameter. 
Xhe  weight  of  this  core  is  92  lbs.  The  copper  wire  is  similar  to 
'that  in  the  primary  first  described  ;  but  it  consists  of  504  yards 
Ground  in  double  strand,  forming  three  pairs  of  layers,  whose  resis- 
tances are  o*  181,  0*21 1,  0*231  ohms  respectively.  Its  length  is  42 
inches,  its  external  diameter  5*5,  and  its  internal  4  inches.  Its  weight 
is  84  lbs.  By  a  somewhat  novel  arrangement,  these  three  layers  may 
be  used  either  in  series  as  a  wire  of  0192  inch  thickness,  or  coupled 
tcgether  in  threes  as  one  of  0*576  inch  thickness.  It  should,  how- 
ever, be  added  that,  owing  to  the  enormous  strength  of  current 
which  this  is  capable  of  carrying,  and  to  the  highly  insulated 
secondary  coil  being  possibly  overcharged  so  ai*  to  fuse  the  wire, 
this  laiger  primary  is  best  adapted  for  use  with  secondary  con- 
densers of  large  surface,  for  spectrum  analysis,  and  for  experiments 
with  vacuum-tubes  in  which  it  is  desirable  to  produce  a  great 
volume  of  light  of  high  intensity  as  well  as  of  long  duration  at  a 
single  discharge.  The  alternate  discharges  and  flaming  sparks  can 
also  he  best  produced  by  thia  primary.     It  has  b^en  used  for  high- 
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tension  sparks  to  34  inches  in  air,  the  battery  being  10  cells  of 
Grove's  with  platinum  plates  6^  x  3  inches.  Great  &cilitieB  for 
the  use  of  different  sets  of  batteries  are  afforded  by  the  division  of 
this  primary  into  three  separate  circuits,  to  be  used  together  or 
separately ;  and  by  a  suitable  arrangement  of  automatic  contact 
breakers,  the  primary  currents  may  be  made  to  follow  in  a  certain 
order  as  to  time,  duration,  and  strength,  with  effects  which, 
when  observed  in  the  revolving  mirror,  will  doubtless  lead  to 
important  results  in  the  study  of  striee  in  vacuum-tubes. 

^  We  now  come  to  the  secondary,  which  consists  of  no  less 
than  280  miles  of  wire,  forming  a  cylinder  37*5  inches  in  length, 
20  inches  in  external,  and  9*5  inches  in  internal  diameter.  Its 
conductivity  is  94  per  cent. ;  and  its  total  resistance  is  equal  to 
1 10,200  ohms.  The  whole  is  wound  in  four  sections,  the  diameter 
of  the  wire  used  for  the  two  central  sections  being  0*0095  inch, 
and  those  of  the  two  external  being  0*0115  inch  and  0*0110  inch 
respectively.  The  object  of  the  increased  thickness  towards  the 
extremities  of  the  coil  was  to  provide  for  the  accumulated  charge 
which  that  portion  of  the  wire  has  to  cany. 

'  Each  of  these  sections  was  wound  in  flat  disks ;  and  the 
average  number  of  layers  in  each  disk  is  about  200,  varying,  how- 
ever, with  the  different  sizes  of  wire,  &c.  The  total  number  of 
turns  in  the  secondary  is  341,850. 

*  The  great  length  of  the  wire  necessary  can  be  easily  under- 
stood from  the  fact  that  near  the  exterior  diameter  of  the  coil  a 
single  turn  exceeds  5  ft.  in  length.  The  spark,  it  is  believed,  is 
due  to  the  number  of  turns  of  wire,  rather  than  to  its  length, 
suitable  insulation  being  preserved  throughout  the  entire  length. 
In  order  to  ensure  success,  the  layers  were  carefully  tested  sepa- 
rately and  then  in  sets,  and  the  results  noted  for  comparison. 
In  this  way  it  was  hoped  that  step  by  step  safe  progress  would, 
be  made.  As  an  extreme  test,  as  many  as  70  cells  of  Grove's 
have  been  used,  with  no  damage  whatever  to  the  insulation. 

'The  condenser  required  for  this  coil  proves  to  be  mucb 
smaller  than  might  at  first  have  been  expected.  After  a  variety 
of  experiments,  it  appeared  that  the  most  suitable  size  is  that 
usually  employed,  by  the  same  maker,  with  a  lo-inch-spark  coil — 
viz.  126  sheets  of  tinfoil  18  x  8*25  inches  in  surface,  separated  by 
two  thicknesses  of  varnished  paper,  the  two  thicknesses  measuring 
O'Oi  I  inch.  The  whole  contains  252  sheets  of  paper  19x9  inches 
in  surface.  I  hope,  at  some  future  opportunity,  to  make  further 
experiments  with  other  condensers. 

'  Using  the  smaller  primary,  this  coil  gave,  with  5  quart  cells  of 
Qroye,  a  spark  of  28  inches,  with  10  similar  cells  one  of  35  inches. 
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■tt  with  30  such  eeUs  one  of  37*5  inches  and  subseqnentlj  one  of 
p  inchea.  As  these  sparks  were  obtained  without  difficulty,  it 
iffean  not  improhable  that  if  the  insulation  of  the  ends  of  the 
Mondaiy  weie  carried  further  than  at  present,  a  still  longrer  spark 
flight  be  obtained.  But  special  adaptations  would  be  required  for 
neh  an  experiment,  the' spark  of  42  inches  already  so  much 
aiBeeding  the  length  of  the  secondary  coiL 

'  "When  the  discharging  points  are  placed  about  an  inch  apart,  a 
flowing  discharge  is  obtained  both  at  making  and  at  breaking  the 
primary  circuit.  The  sound  which  accompanies  tUs  discharge 
impHes  that  it  ia  intermittent,  the  time-  and  current-spaces  of  which 
have  not  as  yet  been  determined. 

'  With  a  2S-inch  spark,  produced  by  5  quart  cells,  a  block  of 

ffint  glass  3  inches  in  thic^ess  was  in  some  instances  pierced, 

in  others  both  pierced  and  fractured,  the  fractured  pieces  being 

mTariably  flint  glass.    If  we  may  estimate  from  this  result,  the 

42-inch  spark  would  be  capable  of  piercing  a  block  6  inches  in 

tiuckness.' 

When  used  for  vacuum-tubes  this  coil  g^ves  illumination  of 
fiitreme  brilliancy  and  very  long  duration ;  with  20  or  30  cells  and 
a  alow-working  mercuiy  break,  giving,  say,  80  sparks  per  minute, 
tin  stiisB  last  long  enough  for  their  forward  and  btockward  motion 
to  be  perceived  directly  by  the  unassisted  eye.  The  appearance  of 
4e  stiiaB  when  observed  in  a  revolving  mirror  (as  described  in 
tiie  Proceedings  of  the  "Royal  Society^  vol.  xxv.  p.  73)  was  unpre- 
cedentedly  vivid,  and  this  even  when  only  two  or  three  cells  were 
employed. — Phil.  Mag.,  vol.  3,  No.  15. 

(205)  Pbenomena  of  fhe  Induoed  Current. — I.  The  Spark 
•h  Air, — Taken  between  two  wires  of  sufficient  thickness,  it  appears 
Under  the  form  of  a  bundle  of  three  or  four  darts  of  fire  more  or 
«Q88  curved ;  between  larger  surfaces  the  sparks  pass  at  longer  in- 
tervals, but  with  greater  noise  and  energy.  When  the  interrup- 
tions of  the  primary  are  slow,  the  sparks  are  longer  than  when 
they  are  rapid,  time  being  required  for  the  development  of  induc- 
tion. It  must  be  observed  that  although  when  the  poles  of  the 
secondary  coil  are  connected  by  a  metallic  wire,  or  by  a  good  con- 
ducting liquid,  there  are  two  currents  moving  alternately  in  oppo- 
site directions,  yet  when  the  poles  are  separated  by  a  thui  stratum 
of  air,  one  only  of  these  two  currents  or  waves  is  brought  into 
action,  that,  namely,  due  to  the  breaking  of  the  voltaic  current ; 
the  other,  that  produced  by  closing  the  current,  is  stopped  off  from 
the  secondary  wire  being  expended  in  the  primary  wire  itself.  The 
secondary  wire  gives  then  a  series  of  intermitting  currents,  all  of 
which  have  a  common  direction. 
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If  tbe  spark  be  attentiTely  watched  in  the  dark,  it  is  seen  to  lia 
surrounded  with  a  sort  of  yellow-green  atmosphere  of  dpreater  or 
loPs  thickness,  according  to  the  force  of  the  hatteiy.  It  is  geno- 
rallj  of  an  ovoid  form,  and  seems  to  be  collected  principally  xomii 
tho  negative  pole.  When  a  steady  current  of  air  is  tluown  upon 
the  spark  taken  between  two  metallic  wires,  the  Imninous  atuKh 
sphere  becomes  expanded  into  a  large  mass  of  irregular  violeiU 
coloured  flame,  surrounded  by  bundles  of  rays,  the  spark  itadf  not 
Appearing  to  undergo  any  variation. 

If  the  spark  be  passed  through  a  glass  tube  by  means  of  wins 
hermetically  sealed  into  its  sides,  and  the  ends  about  one-tenth  of 
Hn  inch  apart,  red  vapcura  are  formed  in  from  ten  minutes  to  bslf 
an  hour,  proving  that  the  oxygen  and  nitrogen  have  entered  into 
chemical  combination.  Becquerel  and  Frtoy  have  proposed  tUi 
experiment  as  a  test  for  nitrogen. 

In  condensed  air  the  spark  is  short,  and  more  collected,  nil 
the  case  with  ordinary  electricity.  In  rarefied  air,  on  the  contrur, 
it  receives  a  wonderful  development,  but  is  less  intense  in  hgb. 
In  hydrogen  the  spark  is  feeUe,  and  very  red;  in  carbome  ocN^it 
is  vivid  and  white.  Ozone  may  bs  produced  by  the  induetkm 
spark,  either  directly  or  indirectly.  In  the  former  caaOi  the  spiik 
is  taken  between  two  wires  sealed  into  a  tube  filled  with  pure  dij 
oxygen ;  the  sparks  must  succeed  each  other  slowly  and  gently. 

(206)  Beoompoaltlon  of  Oaaaona  Oompomida. — ^When  ths 
induction  spark  is  sent  through  anunoniacal  gas,  it  exhibits  s 
violet  litrht  surrounded  with  a  blue  edge ;  the  gas  soon  undeigoei 
decomposition,  the  original  volume  being  doubled,  the  spark  then 
exhibits  the  pure  violet  light  characteristic  of  hydrogen,  and  water 
projected  into  the  tube  produces  no  diminution  of  volume.  The  cml 
thus  becomes  a  useful  instrument  for  demonstrating  the  composition 
of  this  alkaline  gas. 

For  the  introduction  of  the  spark  current  through  this  and  other 
prnseous  compounds,  the  simple  apparatus  shown  in  Fig.  286  wtf 
oontrivod  bv  Buil*  and  llofi'mann. 

A  fine  platinum  wire  is  fuf«dinto  the  shorter  limb  of  a  thin  U-fhafwi 
^lass  tube,  and  filed  off  ro  as  scarcely  to  project  bejond  the  glass.  Ati 
distance  of  a  few  millimetres  from  the  platinum  pole  thus  obtained,  the  loop 
of  a  second  platinum  wire  is  thrown  over  the  tube,  and  the  wire  wound  ronnd 
the  tul)e  until  it  nearly  reaches  the  bend.  The  tube  is  then  filled  with 
mercury,  and  the  shorter  limb  introduced  into  tbe  gas-tube  containing  tbe 
gas  to  be  operated  upon,  inverted  over  mercury  in  a  deep  cylinder  tron^. 
The  pole  wires  of  the  induction  coil  being  now  introduced,  the  one  into  the 
open  end  of  the  U-tube  filled  with  mercury,  and  the  other  into  the  mercait 
of  the  cylinder  trough,  the  spark  current  may  be  established  or  interrupted 
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TAe  i^iark  inLiguidi. — Id  all  good  conducting 
I  tliere  U  of  course  no  apark;  but  in  those 
I  vrhicii  conduct  eitlieriniperfectlj,  or  not  at  allt 
Jig  sparks  ore  obt^ned.  In  oil  the  sparks  are 
3h  white,  in  alcohol  the;  are  red  and  crepitating ; 
It  sparks  are  obtaioed  in  tw^etUine  and  intul- 
tf  carbon.  If  same  oil  be  ponred  on  the  surface 
iter  in  a  glass  vessel,  and  one  of  the  wires 
d  with  gutla-percha  introduced  beneath  the 
and  the  other  immersad  in  the  oil  within 
g  distance,  strong  crepitating  sparks  are  ob- 
,and  hjdrc^en  pia  is  liberated,  whichbums  on 
r&ce  of  the  liquid.  Between  a  pair  of  guarded 
jm  points  a  continuous  light  may  be  kept  up  in 
ated  water,   or  in  a   solution   of  sulphate  of 

The  Spark  in  Sartfied  Air  and  Oowt.— When 
charge  from  the  induction  coil  is  made  to  pasa  through  highl; 
d  ur,  the  phenomena  of  auroral  light  (p.  i  oo)  are  produced  in 
itiful  and  Taried  manner  across  long  intervals.  One  of  the 
MaatifQl  experimenta  that  can  be  mode  with  the  secondary 
t  is  probaU;  the  following,  thus  deecribed  bj  Mr.  Gassiot, 
,Ued  the  Eleetrical  CoKode  {Pbii.  Mag.,  vol.  vii.  p.  854) :— . 


i-tUrds  ti»,  beaker,  4I  inches  deep  hy  3  inches 
Lie  coRted  with  Iio-(biI,  leaving  1-5  inch  of 
MI  piTt  oncoaled.  On  the  plete  of  an  eir- 
>  placed  B  glass  plate,  and  on  il  [he  beaker^ 
g  the  whole  with  an  open-month  giass  re- 
on  which  is  placed  a  glass  plate  having  a. 
ire  paesing  through  a  collar  of  leathers ;  the 

glan  tube.  One  end  of  the  secoiutary  coil 
bed  to  thiawire,  and  (he  other  to  theplatfl 
)iunp.  As  the  vscauDi  imptovee,thseneGt 
'Burprising :  atfirstafaintclearblue  light 
4  to  proceed  trom  the  loner  part  ofthe  beaker 
late;  this  gradually  boeomeshiighternntil 
I  degrees  It  rigee,  increating  in  brillianc;, 

arrlTes  at  thatpartwhicihig  Dpposite.orin 
rith  the  inner  coating  the  whole  tuiog  in- 

illnminateil.  A  discharge  thou  comn 
to  the  plate  of  the  pnntp  in  minute  but  1 
img  Vbt  eshaoatioo,  at  hut  a  discharge 


I  hem  the  inside  of  the 
^9  of  bine  light ; 
u  the  form  of  aa 
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undirided  continuous  itream,  ovvrlapping  the  Tcsael  at  if  tiie  e&BCtiie  flnU 
were  itself  a  material  body  nmning  oyer.  If  the  position  of  the  boikcr  bi 
reversed  by  placing  the  open  part  on  the  plate  of  the  air-piimpi  sad  the 
upper  wire  is  either  in  contact  with  or  within  an  inch  of  the  ontrids  of  tlie 
vessel,  streams  of  blue  lambent  flame  appear  to  poor  down  the  tides  of  the 
]>lato,  while  a  continoous  discharge  tiJECS  place  firom  the  innde  eotti||. 
The  arrangement  of  this  experiment  it  shown  in  Fig.  287. 

If  a  tube,  from  3  to  7  feet  long  and  fiom  i^  to  2  inchee  in  diir 
ineter,  be  connected  by  wires  at  each  end  witb  the  terminals  of  ths 
secondary  coil,  and  the  air  removed  by  an  air-pmnp,  as  the  exhala- 
tion proceeds  a  splendid  aurcmd  light  fills  the  tube  with  corascatbDi, 
and  as  the  yacmim  gets  more  perfect  a  broad  crimBon  xiband  ii 
obtained,  extending  throughout  the  entile  length  of  the  tube.  If 
a  small  quantity  of  air  be  then  admitted,  the  riband  disappeanaiid 
the  coruscations  return ;  but  these  gradually  die  out  as  the  ur 
enters.  A  few  strokes  of  the  pump,  however,  bring  them  hid 
again,  and  thus,  by  increasing  or  diminishing  the  ikaaAtj  of  ti» 
air,  the  appearance  of  the  discharge  in  the  tube  may  be  made  to 
undergo  corresponding  variations. 

(207)  Stimtlfleatloiia  in  aieetrleal  IHatfiMg—  te  WHfflH^ 
Uan  and  other  Vnena. — Mr.  Grove,  in  his  inveitigalliMI  ti 
determine  the  electro-calorific  efieets  due  to  the  polar  nialiiMW 
induced  currents  on  metallic  plates,  made,  among  other  iB|pt 
ments,  the  following : — A  piece  of  carefuUj  dried  phoaplianil^'Vii 
placed  in  a  little  metallic  cap  and  covered  with  a  reoetTer  hiivhf 
a  cap  and  wire ;  on  making  a  good  vacuum,  instead  of  a  wtm^ 
diffused  li<<ht,  he  obtained  a  light  completely  stratified — ^that  is  to 
say,  divided  transversely  to  the  direction  of  the  jet  by  a  multitude 
of  very  straight  and  mobile  black  bands.  Similar  phenomena  were 
subsequently  noticed  by  Ruhmkorff  in  an  alcohol  vacuum — ^m 
magnificent  vibrating  stratifications  in  the  middle  of  the  red  li^t 
issuing  from  the  positive  pole.  They  were  also  studied  by  M.  Quet 
{Comptes  Itendus,  Dec.  1852). 

When  the  poles  of  the  secondary  are  about  3  or  4  inches  apart 
in  a  good  vacuum  produced  in  the  electric  egg  (Fig.  288)  two  dis* 
tinct  lights  are  produced,  difiering  in  colour,  form,  and  position ; 
that  round  the  negative  ball  and  wire  is  blue,  it  envelopes  it  regu. 
larly ;  that  round  the  positive  is  fire-red,  it  adheres  to  one  side,  aiid 
stretches  across  towards  the  negative.  On  close  examination,  this 
double  lijht  is  seen  to  have  a  singular  constitution ;  it  is  stratified, 
being  cor  posed  of  a  series  of  brilliant  bands,  separated  from  each 
other  by  dark  bands.  These  bands  are  well  observed  in  vacua  of 
7vood  spirit f  spirit  of  turpetitine,  alcohol,  naphtha,  and  bichloride  ef 
tin,  and  the  vacuum  must  be  as  perfect  as  the  best  idr-pump  can 
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■nj^s  it.  The  appeanoca  is  then  tiist  of  a  jale  of  electric  light. 
bi  the  i«d  light  the  brilliantliuidiappioaelutig  nearest  the  nc^ti  re 
btll  have  the  form  of  e(ip!>iiles,  the  coneavs  part  being  turned  to- 
•ards  the  ball ;  their  positioD  and  figure  are  Beiuriblj  fixed.  The 
ixtrame  capsule  does  not  touch  the  violet  light  of  the  oegatiTe 
lole,  being  separated  from  it  by  a  dark  band,  greater  or  leee  accord- 
1^  to  the  nature  and  perfection  of  the  vacuum,  that  with  spirits  of 
nrpentine  giving  the  greatest 


tig.  984, 


Iilg.  288  piesants  an  accutate  representatiou  of  this  aingularlj 
heanliM  pheuomsioii. 

A  light,  though  lees  led  and  briUiant,  ma;  be  obtuned  from 
one  polo  of  the  secondary  wire  only,  that  of  the  estarior  end  of 
the  coil  which  poaseseee  electricity  of  the  greatest  tension  j  and-,  if 
tlie  vacuum  he  very  good,  this  light  may  be  made  to  InAircate 
by  placing  the  finger  against  the  outside  of  the  glass,  as  shown  in 
Fig.  289. 
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If  &  bar  of  soft  iron,  auiroimdod  with  kctnlof  issnlAted  copptt 
wire,  be  fixed  into  the  cap  of  the  electric  «gg  (Fig.  290),  tai  the 
latUibetliBnexhauited,  a  Bplendid  bond  of  purple  light  iiprcdncBd, 
which  commeocea  rotadng  ronnd  the  iron  rod  tiio  moment  the 
InttCT  ia  converted  into  an  elecbo-magnet  by  eendiiig  the  cnnent 
l'ri>ia  a  amall  voltaic  battery  through  its  BmToniidiiig  coiL  On 
uhaoging  the  direction  of  the  induced  cnrrent,  the  diraetdon  of  the 
rotation  changea  also.  The  electric  light  is  thia  beantifal  exptii- 
uent  takes  the  place  of  the  conducting  wire  in  Fusdaj's  trgm- 
ment  (Fig,  223,  p.  zti2). 

M.  Quet  found  that,  whan  a  galTanomeler  was  inteipoiad  ia 
Ihe  circuit,  no  current  was  indicated  as  passing  thraoghtlieeleetiic 
egg-  til)  the  eihauBtJcm  was  tolenblj  good,  ud 
'^''9''  tlie  light  continuouB ;  the  needle  then  becimt 

permanentlj  deflected.  The  flnt  light  Unl 
appeared  was  the  rtd  rotutd  the  postive  btll, 
but  it  was  not  till  the  exhaustion  becanui  Jtrj 
perfect  that  the  blue  light  became  well  d»- 
Teloped  and  exteoded  round  the  negatiTewiK 
If  a  conBkdei&ble  redatanee  be  introdtMid 
into  the  induced  circuit,  or  if  the  two  Rl^ 
rents  be  made  to  circulate  in  oppoNte  dine- 
tions  through  the  receiTer,  the  t«d  light  di*- 
appears  iiom  the  pontive  pole,  giving  plwn  to 
a  blue  light ;  the  poBitdve  and  negative  ligfan 
are  now  tlie  same,  the  appearance  of  the  egf 
being  as  represented  in  E%.  291. 

(2oS)  bTastlBBttona  of  Oftaslob— Tht 
phenomena  of  the  BtiatificatJon  in  electrical  discharges,  as  obeerred 
iu  Torricellian  and  other  vacua,  have  been  minutalj  studied  b; 
Gaasiot  {Phil.  Trant.,  March  4,  1858;  the  ' Sakenan  Lecturt! 
ftQd  Phil.  Trams.,  Jan.  13,  I8S9).  When  the  discbai^  from  the 
induction  coil  is  transmitted  through  a  Torricelliau  vacuum,  the 
cvlioder  is  beantifully  illiuninated  with  a  dense  phosphorescent 
light,  filling  the  entire  vacuum,  the  intensity  of  the  light  depending 
on  the  eneigy  of  the  battery.  Thia  light  has  generally  been  ot' 
served  to  be  without  stratification,  but  by  employing  greet  care  in 
the  construction  of  the  vacua,  and  uung  a  angle  cell  of  Qrore^ 
battery,  Gaeaiot  obtsined  distinct  stratification,  extending  from 
the  positive  wire  to  the  dark  space,  while  the  usual  blue  flams 
Burroiinding  the  intense  red,  which  has  the  appearance  of  red  heat, 
was  visible  on  the  negative  wire. 

A  good  stratificatian  is  shown  in  Yig.  292,  the  tube  being  u 
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ct  a  Torricellian  Tacunm  as  could  be  made  with  pure  sjid 
iitlj  boiled  atetcxaj,  and  Fig.  295  ahows  the  wavy  line  dis- 


>  in  a  aimilftr  tube  in  whicH  a  slight  trace  of  moisture  waa 
it ;  no  BtratificatJonB  are  here  visible,  though  thej  are  imme- 
ly  produced  by  condensing  the  moisture  by  plunging  the  tube 
g  mixture.     In  Torricellian  vacua  obtained  hj  Welsh's 


t  being  boiled  (fAif.   TVmw.,  vol.  cxlri. 
s  of  the  strfttifled  discharge  could  be  ei- 


3BS,  the   mercury  n 

37),  the  pheno 

led  irith  ease  ana  care, 

Iga.  294  and  39;  are  funt  repre^entatious  of  the  beautiful 

trances  of  the  etiatifications  aa  obttuoed  in  pear-shaped  TeBsels. 


t  shown  in  Fig.  293  is  3  inches  in  internal  diameter,  the  wirei 
g  5  inches  apart  from  point  to  poiut.     The  vesael  was  filled 
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with  pure  mercury  and  boiled ;  it  was  afterwards  exhausted  hj  fotb 
air-pump.  If  the  mercury  be  permitted  to  ascend,  inunedistBly  it 
coYers  the  negative  wire  the  stratifications  disappear  and  the  in- 
terior of  the  globe  is  filled  with  Umsh  light ;  a  bright  spot  of  la^ 
is  visible  on  the  end  of  the  positive  wire,  and  the  negative  msrcoiy 
is  covered  with  a  white  phosphorescent  film  about  one-eighth  of  in 
inch  in  thickness. 

The  egg-shaped  vessel  represented  in  "Fig.  294  is  25  inches  Infi 
the  globular  part  being  18  inches  in  l«igth  and  7  inches  in  dia- 
meter ;  the  wires  a  6  are  22  inches  apart,  and  caustic  potsdi  is 
placed  in  the  narrow  end.  It  is  chaiged  with  carbonic  add,  sad 
then  exhausted.  On  heating  the  caustic  potash  with  a  tpA- 
lamp,  the  discharge  assumes  the  character  of  large  and  distinet 
clouds,  clearly  and  separately  defined,  and  extending  to  the  entin 
diameter  of  the  vessel;  these  clouds  are  strongly  a£bcted  I7 
induction  as  the  hand  approaches  the  globe^  presenting  a  vay 
striking  appearance. 

No  signs  of  any  discharge  can  be  observed  in  the  vacuum  qb 
making  contact  when  the  primary  current  is  excited  by  a  an^ 
cell,  but  evidence  of  action  in  the  secondaiy  coil  can  be  detected 
by  the  galvanometer,  and  also  in  the  following  manner : — 


Let  the  ends  of  the  platinum  wires  attached  to  the  tnminals  of  the  1 
ary  coil  rent  on  a  piece  of  bibulous  paper  moistened  with  a  solntimi  of  iodifc 
of  potassium,  complete  the  circuit  of  the  commutator,  and  then  remove  the 
paper,  iodine  will  be  evolved  from  one  terminal. 

Make  contact  with  the  moistened  paper,  keeping  the  primary  circuit  oob- 
plete ;  remove  the  paper,  no  trace  of  iodine  is  perceptible,  proving  that  is 
tills  state  there  is  no  current  in  the  secondary  wire.  Again,  make  oootid 
with  the  moistened  paper  and  the  platinum  wire,  break  the  circuit  with  the 
commutator,  and  iodine  will  be  immediately  evolved  at  the  opposite  terminal 
in  much  larger  quantity  than  in  the  former  case. 

In  order  to  ascertain  whether  the  stratifications  in  the  positiTe 
discharge  arise  from  interference,  Oassiot  caused  the  discharges  from 
two  separate  coils  to  intermingle  with  each  other ;  and  he  found 
that,  whether  they  were  made  in  the  same  direction  or  opposed  to 
each  other,  the  separate  stratifications  from  the  discharge  of  each 
coil  remained  visible,  although  producing  a  degree  of  confiisioD 
from  their  interposition.  The  positive  division  of  the  discharge  is 
of  greater  intensity,  and  consequently  of  much  greater  length,  than 
the  negative.  Gassiot  has  obtained  the  stratifications  in  a  tube 
5  feet  8  inches  in  length ;  he  found  also  that  the  stratifications 
are  very  powerfully  affected  by  the  magnet.  When  the  discharge 
is  made  from  wire  to  wire,  if  a  horseshoe  magnet  be  placed  along 
the  tube  so  as  alternately  to  present  the  poles  to  difierent  contimous 
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podtioiiB  of  the  dischargfe,  it  will  assume  the  form  of  /v/  in  conse- 
quence of  its  tendency  to  rotate  round  the  poles  in  opposite  direc- 
tions as  the  ma^et  in  this  position  is  moved  up  and  down  the 
tide  of  the  tube. 

When  the  discharge  was  first  made  in  the  pear-«haped  apparatus 
(Fig.  295),  the  mercury  being  negative;  and  allowed  to  enter  the 
Teesel  till  about  two  inches  from  the  positive  wire,  the  discharge 
farmed  nearly  a  straight  line ;  in  this  position^  when  the  pole  of  a 
powerful  electro-magnet  was  placed  close  to  the  glass  vessel,  the 
discharge  was  deflected  across  the  pole  at  right  angles,  the  dis- 
dktaxge  being  from  the  positive  wire  to  the  negative  mercury ;  if 
the  pole  presented  wss  north,  the  discharge  was  deflected  to  the 
light  when  looking  from  the  magnet  to  the  discharge,  carrying 
with  it  the  red  spot  in  a  direct  line  across  the  mercury. 

Two  Distinct  Forms  of  Stratified  Electrical  Discharge,^ 
Fig.  296  represents  a  vacuum  tube  38  inches  long,  the  wires, 

Fig.  396. 


a  h,  32  inches  apart;  c  c'  are  movable  coatings  of  tin-foil 
two  inches  long,  wrapped  round  the  tube.  When  the  discharges 
from  an  induction  coil  are  made  from  wire  to  wire,  clear  well- 
defined  stride  are  obtained;  and  it'  the  tube  be  placed  in  a  horizontal 
position  over  the  pole  of  a  magnet,  the  stratifications  evince  a 
tendency  to  rotate  as  a  whole,  in  accordance  with  the  known 
laws  of  electromagnetic  rotation;  but  when  the  discharge  is 
from  coating  to  coating,  the  stratifications  have  no  longer  a  ten- 
dency to  rotate  as  a  whole,  but  are  divided.  If  the  tube  be  now 
placed  between  the  poles  of  a  powerful  electromagnet,  one  set  of 
stratitications  are  repelled  from  and  the  other  attracted  towards 
or  within  the  bent  portion  of  the  magnet ;  and  when  the  tube  is 
placed  on  the  north  pole,  the  divided  stratitications  arrange  them- 
selves on  each  side  of  the  tube,  changing  their  respective  positions 
when  placed  on  the  south  pole,  but  in  all  cases  each  set  of  stratiti- 
cations are  concave  in  opposite  directions. 

(Jassiot  designates  the  first  form  of  stratified  discharge  the 
direet,  and  the  latter  the  induced  discharge. 

Influence  of  Temperature  on  the  Stratified  Discharge,— HhQ 
follovdng  experiment  is  described  by  Mr.  Gassiot  :— 

Fig.  297  represents  a  Torricellian  vacuum  tube,  23  inches  long  and  i| 
inch  internal  diameter ;  the  wires,  a  6,  are  19  inches  apart ;  sufficient  mer- 
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cuiy  ramaina  in  the  tabe  to  cover  the  lower  wira^  and  in  fbia  manna  «n 
terminal  ia a  wire  of  platinnm,  and  the  other  a  aurftoe  of  meRorj ;  e ila 

gloaa  veaael  to  contain  a  fireecing  bath,  compond  of 
ether  and  solid  carbonic  add.  When  this  tube  it 
Bospended  by  a  string,  ita  lower  end  not  being  nn- 
meried  in  the  fireezing  mixture,  the  induction  eofl, 
excited  by  a  single  cell  of  the  nitric  add  battoy, 
gives  dear,  distinct,  large  doudlike  discharges,  tearing 
a  dark  band  14  or  15  inches  in  length.  Whenaiiiag> 
net  is  presented  a  little  above  the  suftoe  of  the 
mercury,  a  brilliant  blue  phosphorescent  disdiarge 
proceeds  from  the  upper  part  of  the  negative  tv- 
minal  (6),  while  at  the  same  time  doudlike  stratifi* 
cations  fh>m  the  podtive  wire  are  brought  down  tb 
tube.  This  phosphorescent  blue  discharge  can,  bf 
manipulation,  be  expanded  or  contracted  by  tiis 
magnet  in  a  remarkable  manner.  If  the  lower  cod 
of  the  tube  be  immersed  in  the  freezing  bath,  ai 
shown  in  the  fig^ure,  when  the  temperature  isrednoei 
to  —  85°  Fah.,  discharges  from  the  induction  cofl  being 
made,  the  stratifications  are  no  looger  vinble,  but  • 
small  luminous  spot  remains  at  the  end  ci  tk 
podtive  termind. 

On  presenting  the  north  pole  of  a  magnet  on  one 
dde  of  this  luminous  spot,  or  the  sooth  pole  on  the 
other,  another  luminous  spot  was  viable.  On  re* 
moving  the  tube  from  the  ether  bath,  the  mereoiy 
gradually  liquefied,  the  temperature  roae^  and  at 
+  aaP  Fah.  the  stratifications  reappeared. 

^Hien,  instead  of  cooling  the  mercniy  in 
the  vacuum  tube,  it  was  gradually  raised  to 
•  its  boiling  point  (  +  600"  Fah.),  all  traces  of 
stratification  were  likewise  destroyed,  but  in  this  case  the  dis- 
charge passed  along  the  mercury  as  it  condensed  in  the  cooler  part 
of  the  tube. 

(209)  xron-condactlng  Power  of  a  Perfect  ▼acnnm.— 
When  a  vacuum  tube  is  in  a  state  to  show  the  stratified  discharge, 
it  is  so  good  a  conductor  that  sparks  from  the  outer  terminal  of 
the  induction  coil  will  pass  to  one  of  its  wires  (the  other  being 
attached  to  the  inner  terminal)  one  inch  in  length  through  air ; 
but  Qassiot  obtained  carbonic  acid  vacua  so  perfect  that  no  signa 
of  luminous  discharge  could  he  observed  through  the  tube ;  in  this 
state  it  was  a  more  perfect  insulator  than  air  itself,  and  no  sparks 
could  be  obtained  from  the  outer  terminal. 

K  two  vacuum  tubes  which  conduct  are  attached  one  to  the 
inner  and  the  otlier  to  the  outer  terminal  of  an  induction  coil  with- 
out being  otherwise  connected  with  each  other,  a  reciprocating  dis- 
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duurge  will  take  place  in  each,  that  from  the  outer  being  by  far 
the  more  yiyid  ;  if  the  circuit  be  now  completed,  either  by  a  wire 
or  by  a  tube  which  conducts,  the  stratifications  in  each  tube  be- 
come clear  and  distinct,  the  dark  discharges  becoming  as  visible  as 
if  the  circuit  with  the  coU  had  been  completed  by  a  single  tube ; 
but  if  the  circuit  be  completed  by  a  perfect  carbonic  acid  yacuum 
tube,  the  discharges  in  the  two  conducting  tubes  attached  to  the 
4K>il  are  reciprocating,  while  in  that  of  the  non-conducting  tube  no 
Imninous  appearance  is  perceptible. 

(210)  Condition  of  Bisobargre  at  tbe  Vegratlve  Terminal. 
"_ — If  the  nejgatiye  wire  in  a  vacuum  tube  be  protected  by  glass 
tubing  open  at  the  end  about  one-eighth  of  an  inch  beyond  the 
point  of  the  wire  in  the  tube,  no  stratifications  can  be  observed  in 
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the  discharge,  which;  in  such  cases,  merely  exhibits  a  luminous 
glow ;  if  now  the  intensity  be  reduced,  stratifications  towards  the 
positive  wire  are  obtained,  and  if  the  negative  wire  and  tubing 
are  a  little  inclined,  the  discharge  from  the  negative  wire  vTill 
impinge  against  the  side  of  the  vacuum  tube,  brilliantly  illuminat- 
ing the  spot  on  which  it  strikes ;  if  a  magnet  be  presented,  the 
gpot  will  be  contracted  with  one  pole,  and  with  the  other  the 
dischaige  will  be  bent  in  a  manner  so  that  its  extreme  portion 

Fig.  399. 


will  itself  impinge  on  the  other  side  of  the  tube.  If  the  experi- 
ment be  made  by  reducing  the  intensity  of  the  discharge,  so  that 
stratifications  from  the  positive  terminal  are  observable,  these 
stratifications  vanish  as  the  discharge,  which  apparently  proceeds 
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from  the  negative  tenniiialy  is  foioed  hy  the  mignet  along  thB 
tube. 

In  this  expeiiment  there  is  the  appearance  of  a  directiaD  of  t 
force  emanating  from  the  negative  terminal,  as  well  as  one  fion 
the  positive.  The  appearances  in  the  tube  in  these  eKpenmenti 
are  represented  in  Hgs.  298  and  299. 

The  diflRsrent  phases  of  the  electrical  dischaige  in  vacua  ren- 
dered progreemvely  more  and  more  perfect,  are  weU  obeeryed  m 
tubes  that  have  been  filled  with  carbonic  add,  exhanstedi  and  Ike 
small  residue  of  gas  gradnally  absorbed  hy  caustic  potash.  T1» 
first  dischaige  is  that  of  a  wave  passing  finom  wire  to  wire ;  it  nait 
becomes  a  luminons  glow,  filling  the  tube,  and  showing  nanov 
stratifications  conmiencing  at  the  positive  wire,  the  negative  beof 
surrounded  by  a  blue  glow.  As  the  vacuum  improves,  the  nazxow 
stratifications  extend  throughout  the  dischaige  to  about  one  inch 
of  the  n^ative  wire,  where  they  terminate  abruptly  in  a  diA 
space,  the  negative  wire  becoming  intensely  red ;  the  stratification 
then  become  more  distinct  and  separated,  and  the  dark  space  ofttt 
extends  in  a  tube  of  20  inches  in  length  to  6  or  8  inches;  fhij 
next  assume  a  conical  form,  and  sometimes  disappear  altogeihBr, 
the  tube  being  filled  witii  a  fiunt  luminoflity ;  finally,  when  tke 
absorption  of  the  carbonic  acid  is  complete,  aU  signs  of  luminsotj 
disappear,  proving  the  non-transferring  condition  of  a  peribet 
vacuum. 

Glass  tubes  containing  highly  rarefied  gases  and  vapours,  and  of 
various  forms  and  sizes,  are  now  constructed  with  wonderful  in- 
genuity, and  may  be  procured  at  many  philosophical  instrument- 
makers.  The  light  produced  on  passing  the  induced  current 
through  many  of  these  tubes  is  of  the  most  beautiful  and  varied 
character. 

(211)  *vniatiatlie  Pbyaleal  Cause  of  the  StratUleatloiisf 
— The  following  theory  was  advanced  by  Grove: — When  the 
battery  contact  is  broken,  there  is  generated  the  well-known  in- 
duced current  in  the  secondary  wire  in  the  same  direction  as  the 
original  battery  current,  to  which  secondary  current  the  brilliant 
eifects  of  the  coil  are  due ;  but  in  addition  to  this  current  in  the 
secondary  wire  there  is  also  a  secondary  current  in  the  primary 
wire  flowing  in  the  same  direction,  the  inductive  spark  at  the 
moment  following  the  disruption  of  contact  completing  the  cir- 
cuit of  the  primary,  and  thus  allowing  the  secondary  current  to 
pass.  This  secondary  current  in  the  primary  wire  produces  in  its 
turn  another  secondary,  or  what  may  be  termed  a  tertiary,  current 
in  the  secondary  wire  in  an  opposite  direction  to  the  secondaiy 
current.    There  are  thus  almost  synchronously  two  currents  in 
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i^posite  directions  in  the  secondary  wire ;  these^  by  causing  a  con- 
wfc  or  irregular  action  on  the  rarefied  medium,  would  give  rise  to 
iraves  or  pulsations  which  might  account  for  the  stratified  appear- 
ance.    It  is  obvious  that  the  secondary  current  must  be  more 
powerful  than  the  tertiary.    Now  supposing  an  obstacle  or  resist- 
ance placed  in  the  secondary  current  which  the  secondary  current 
ean  oyercome,  but  which  the  tertiary  current  cannot,  we  ought  by 
theory  to  get  no  strife.    If  an  interruption  be  made  in  the  second- 
•ly  current  in  addition  to  that  formed  by  the  rarefied  medium,  and 
tlds  interruption  be  made  of  the  full  extent  which  the  spark  will 
pM8y  there  are  as  a  general  rule  no  striae  in  the  rarefied  media,  while 
the  same  vacuum  tube  shows  the  striss  well  if  there  be  no  such 
hceak  or  interruption.    Thus  on  passing  the  discharge  through 
ft  large  vacuum  cylinder  (i6  inches  by  4  inches),  and  using  a 
micrometer-electrometer,  numerous  broad  and  perfectly  distinct 
hands  were  obtained  when  the  points  of  the  micrometer  were  in 
contact;  but  when  they  were  separated  to  the  fullest  extent  that 
would  allow  sparks  to  pass,  not  the  slightest  symptoms  of  bands 
or  striiB  were  perceptible,  the  whole  cylinder  being  filled  with  an 
imiform  lambent  flame. 

With  a  spark  from  the  prime  conductor  of  an  electrical  machine, 
the  striae  do  not  appear  in  tubes  which  show  them  well  with  the 
induction  coil.  This,  Grove  thinks,  is  in  favour  of  his  theory ;  but, 
without  regarding  that  as  conclusive,  or  as  an  approved  rationale^ 
it  seems  demonstrated  by  the  experiments  above  described  that  the 
identical  vacuum  tubes  which  show  the  striae  with  certain  modes 
of  producing  the  discharge  do  not  show  them  with  other  modes, 
and  that,  therefore,  the  striss  are  not  a  necessary  condition  of  the 
diflcharge  itself  in  highly  attenuated  media,  but  depend  upon  the 
mode  of  its  production. 

The  experiments  described  by  Gassiot  (PhU,  Tram,,  1859)  are 
not  in  accordance  vdth  Grove's  view.  He  found  that  when  a  Leyden 
discharge  was  sent  through  a  vacuum  tube,  stratifications  as  clear 
and  distinct  as  those  &om  the  induction  coil  may  be  obtained  by 
reducing  the  intensity  by  the  introduction  into  the  circuit  of  a 
piece  of  wet  string ;  he  hence  inferred  that  in  Grove's  experiment 
the  absence  of  striae,  when  the  circuit  was  interrupted,  was  due  to 
the  heightened  intensity  of  the  discharge.  He  repeated  Grove's 
experiment  with  the  large  cylinder,  and  obtaiued  a  similar  result ; 
the  stratifications  were  entirely  destroyed  when  the  secondary 
current  was  interrupted,  but  they  were  restored  when  a  second 
interruption  was  made  in  the  circuit,  and  this  closed  by  a  wet 
string ;  in  this  case  it  is  evident  that  the  appearance  of  the  striae 
does  not  depend  upon  the  conflict  of  secondary  and  tertiary  cur- 
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rents,  but  upon  the  manner  in  which  the  dischaige  pum.  Q»- 
siot  found,  moreover,  that,  when  hj  meana  of  an  intempted  &- 
charge  the  stratificationa  are  destroyed,  ibfij  are  reprndoced  is  1 
carbonic  acid  vacuum  tube  when  heat  is  appUed  to  the  cauBtie 
potassa;  here  the  increased  reusfance  aiiaea  firam  the  greiftHr 
density  of  the  matter  formed  in  the  tube :  and  this  ezperimBiitii 
in  favour  of  his  view,  viz.  'that  the  stratificationB  arise  fromte 
efiect  due  to  impulses  or  pulsations  of  a  force  acting  on  higU; 
attenuated  matter.' 

(212)  BzperimeBta  to  Aaoertalia  tbm  Omamm  of  Sballf- 
oatioB  In  Bleotrleal  a>isoluwv«s  in  ViMmo« — Some  intenfltbf 
experiments  on  this  subject  were  made  in  1875  (>Bce  iVocMdlny 
of  the  Royal  Society^  No.  160)  by  Messrs.  Warren  de  la  Ba^ 
Hugo  Muller,  and  William  SpottLswoode,  with  the  aid  of  a  bbv 
and  powerful  battery  of  Mr.  de  la  Rue's,  and  the  experiments  m 
thus  described : — '  Some  results  obtamed  in  working  with  a  chkofa 
of  silver  battery  of  1,080  ceUs  in  connection  with  vacuum  talM 
have  been  recently  repeated.    The  battery  used  up  till  now  oqd- 
sists  of  1,080  cells,  each  being  formed  ctf  a  glass  tube  6  inchfli 
(15*23  centim.)  long  and  }  of  an  inch  (1*9  oentim.)  internal  dii* 
meter;  each  is  closed  with  a  vulcanised  rubber  stopper  (oak), 
perforated  eccentrically  to  permit  the  insertion  of  a  zinc  rod,  cu>- 
fully  amalgamated,  fi  of  an  inch  (0*48  centim.)  diameter  and  4*5 
inches  (11*43  centim.)  long.    The  other  element   consists  of  1 
flattened  silver  wire  passing  by  the  side  of  the  cork  to  the  bottn 
of  the  tube,  and  covered  at  the  upper  part,  above  the  chloride  of 
silver  and  until  it  passes  the  stopper,  with  thin  sheet  gutta-percha 
for  insulation,  and  to  protect  it  from  the  action  of  the  sulphur  io 
the  vulcanised  corks ;  these  wires  are  ^  of  an  inch  (0*16  centim.) 
broad  and  8  inches  (20*32  centim.)  long.    In  the  bottom  of  the 
tube  is  placed  225*25  grains  (14*56  gnns.)  chloride  of  silver  in 
powder ;  this  constitutes  the   electrolyte  j  above  the  chloride  of 
silver  is  formed  a  solution  of  common  salt,  containing  25  grammes 
chloride  of  sodium  to  i  litre  (1*752  grains  to  i  gallon)  of  water 
to  within  about  i  inch  (2*54  centim.)  of  the  cork.     The  connec- 
tion between  adjoining  cells  is  made  by  passing  a  short  piece  of 
indiarrubber  tube  over  the  zinc  rod  of  one  cell,  and  drawing  the 
silver  wire  of  the  next  cell  through  it,  so  as  to  press  against  the 
zinc. 

'  The  closing  of  the  cells  by  maans  of  a  cork  prevents  the  evapo- 
ration of  water,  and  not  only  avoids  this  serious  inconvenience 
but  also  contributes  to  the  effectiveness  of  the  insulation.  The 
tubes  are  grouped  in  twenties  in  a  sort  of  test-tube  rack,  having 
four  short  ebonite  feet,  and  the  whole  placed  in  a  cabinet  2  ft.  7  in. 
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(78*74  centiin.)  high,  2  ft.  7  in.  wide,  and  2  ft.  7  in.  deep,  the  top 
l»iig'  covered  with  ebonite  to  facilitate  working  with  the  appo- 
ntns,  -wliich  is  thna  placed  on  it  as  an  insulated  table. 

*  The  eleetromotiTe  force  of  the  battery,  as  compared  with  a 
Darnell's  (gravity)  battery,  was  found  to  be  as  1*03  to  i,^  its 
internal  resistance  7  ohms  per  cell,  and  it  eyolved  0*2 14  cub. 
eentim.  (0*0131  cub.  inches)  mixed  gas  per  minute  when  passed 
througli  a  mixture  of  i  volume  of  sulphuric  acid  and  8  volumes  of 
water  in  a  voltameter  having  a    resistance  of  11  ohms.    The 
■tziking>-distanoe  in  air  of  1,080  elements  between  copper  wire  ter- 
minals, one  turned  to  a  point,  the  other  to  a  flat  surface,  is  ^  inch 
{p^cg6  millim.)  to  ^5  inch  (0*1  milliln.)    The  greatest  distance 
througH  which  the  battery-current  would  pass  continuously  in  vacuo 
was  12  inches  (30*48  eentim.)  between  the  terminals  in  a  carbonic 
add  residual  vacuum.    This  battery  has  been  working  since  the 
eaily  part  of  November  1874,  with,  practically,  a  constant  electro- 
motive force. 

'Besides  2,000  more  cells  like  those  just  described,  we  are 
putting  together  2,000  cells,  with  the  chloride  of  silver  in  the  form 
€f  rods,  which  are  cast  on  the  flattened  silver  wires,  as  in  a  battery 
described  by  De  la  Rue  and  Miiller,*  but  in  other  respects  similar 
to  the  battery  above  described,  the  glass  tubes  being,  however, 
somewhat  larger  in  disimeter ;  the  rods  of  chloride  of  silver  are 
enclosed  in  tubes  open  at  the  top  and  bottom,  and  formed  of 
vegetable  parchment,  the  object  of  these  vegetable  parchment 
cases  being  to  prevent  contact  between  the  zinc  and  chloride  of 
alver  rods.  The  internal  resistance  of  batteries  so  constructed  is 
only  from  2  to  3  ohms  per  cell,  according  to  the  distance  of  the 
rinc  and  chloride  of  silver  rods,  and  they  evolve  from  3  to  4*5  cub. 
eentim.  (o*l8  to  027  cub.  inch)  per  minute,  in  a  voltameter  having 
a  resistance  of  1 1  ohms.    Their  action  is  remarkably  constant. 

'For  the  experiments  detailed  below,  vacuum  tubes  were 
generally  used  of  about  ij  to  2  inches  (38  to  5  eentim.)  in  diame- 
ter, and  from  6  to  8  inches  (15*24  to  20*32  eentim.)  longj  also 
prolate  spheroidal  vessels  6  inches  by  3  inches  (15*24  by  7*62 
eentim.)  The  terminals  are  of  various  forms,  and  from  4  inches  to 
6  inches  (iO'i6  to  15*24  eentim.)  apart,  and  made  of  aluminium,  and 
occasionally  of  magnesium,  and  of  palladium,  the  latter  showing 
some  curious  phenomena  with  a  hydrogen  residual  vacuum,  which 
will  be  described  in  a  future  paper.     A  tube  which  has  given  the 

'  *  Compared  with  a  Daniell*s  battery,  in  which  the  zinc  is  immersed  in 
dilute  sulphuric  acid  in  a  porous  cell,  its  electromotive  force  is  about  3  per 
cent,  less  than  the  Daniell.' 

3  *  Journal  of  the  Chemical  Society ^  2nd  series,  vol.  vi.  p.  488 :  Comptes 
RertduSf  1868,  p.  79^* 
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most  strikmg  lesults  is  8  inches  (20*23  contim.)  long,  and  hai  t 
series  of  six  tdumimum  rings  yaiying  in  H^^mfyter  from  f  of  an  indi 
to  about  i^  of  an  inch  (095  to  3*17  centun.),  the  thiftlmwifl  of  the 
wire  being  about  ^  of  an  inch  (0*16  centim.);  the  rings  are  t 
little  more  than  i  inch  (2*54  centim.)  apart;  and  oonnediiv 
wires  of  platinum  pass  through  the  tube  from  each  ring,  and 
permit  of  the  length  and  other  conditions  of  the  dischaige  W™g 
varied. 

'At  times  the  terminals  of  the  battery  were  placed  in  connn* 
tion  with  accumulators  of  different  kinds — ^for  inatanoe,  two  sphem 
of  18  inches  (4572  centim.)  in  diameter,  presenting  each  a  snpeh 
ficies  of  7*07  square  feet  (65*68  square  dedm.),  and  cylinders  of 
paper  covered  with  tinfoil,  each  having  a  aurfiice  of  16  square  fset 
(148*64  square  decim.)  ;  the  globe  and  cylinders  were  in  all  GSM 
carefully  insulated.  Other  accumulators  were  composed  of  coils  d 
two  copper  wires  ^  of  an  inch  (0*16  centim.)  in  diameter,  covend 
with  gutta-percha,  in  two  folds,  ^  of  an  inch  (0-08  centim.)  iJuek 
One  coil  contains  two  wires,  coiled  side  by  side,  each  bdlng  174 
yards  (159  metres)  long,  another  with  two  wireSy  each  350  janb 
(320  metres) ;  of  the  latter  we  have  two  coils. 

'In  addition  to  these  accumulators  we  have  several  otiun 
formed  of  alternate  plates  of  tinfoil  and  insulating  material^  suehai 
paper  saturated  withparaffine,  and  also  sheets  of  vulcanite.  Then 
are  of  various  capacities,  and  contain  from  five  to  several  hundred 
square  feet.  The  largest  has  a  capacity  of  47*5  microfarads ;  i^es 
it  is  discharged  it  gives  a  very  bright  short  spark,  accompanied  h? 
a  loud  snap ;  the  charge  deflagrates  8  inches  (20*32  centim.)  of 
platinum  wire,  0*005  "^^^  (0*127  millim.)  in  diameter,  when  it  is 
caused  to  pass  through  it.  Each  accumulator  gives  different 
results ;  but  for  the  present  we  shall  confine  ourselves  to  a  descrip> 
tion  of  the  experiments  made  with  the  coil-accumulators. 

'  When  the  terminals  of  the  battery  are  connected  with  the 
wires  of  a  vacuum-tube  which  permits  of  the  passage  of  the 
current,  the  wires  (especially  that  connected  with  the  zinc  end) 
become  surrounded  with  a  soft  nebulous  light,  in  which  several 
concentric  layers  of  different  degrees  of  brilliancy  are  seen; in 
most  cases  there  is  either  no  indication  of  stratification,  or  only 
a  feeble,  ill-defined  tendency  to  stratification :  the  tubes  selected 
for  these  experiments  were  those  in  which  the  stratification  did 
not  appear  at  all. 

'  When  the  battery,  already  in  connection  with  the  vacuum-tube, 
was  also  joined  on  to  one  or  more  coil-condensers  (coupled  to 
introduce  a  greater  length  of  wire),  then  immediately  well-defined 
stratifications  appeared  in  the  vacuum-tube. 
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*  It  may  be  stated  that  the  capacity  of  the  accumulator  has  to 
liB  carefully  adjusted  to  prevent  any  cessation  of  the  current,  to 
tvoidy  in  fact,  a  snapping  discharge  at  distant  intervals.  The  peri- 
odic overflows,  so  to  speak,  which  increase  the  current  from  time 
to  time,  would  seem  to  have  a  tendency  to  cause  an  interference 
of  the  current-waves,  and  to  produce  nodes  of  greater  resistance 
h  the  medium,  as  evinced  by  the  stratification  which  becomes 
Apparent.  To  the  eye  no  pulsation  in  the  current  is  apparent ;  and 
in  order  to  convince  ourselves  whether  or  not  there  was  really  any 
Sactuation  in  the  current  when  the  apparatus  was  thus  coupled 
op  with  the  battery,  we  made  several  experiments,  and  ultimately 
tiit  upon  the  following  arrangement. 

*The  primary  wire  of  a  small  induction-coil,  both  with  and 
irithout  the  iron  core,  was  introduced  into  the  circuit  as  well  as  the 
?acuum  tube ;  to  the  secondary  wire  of  the  induction-coil  waii 
Domiected  a  second  vacuum-tube.  Under  these  circumstances 
tiiiere  was  no  change  in  the  appearance  of  the  discharge  in  the 
yacuum-tube,  in  consequence  of  the  introduction  of  the  induction- 
coil,  the  terminals  being  still  surrounded  by  the  soft  nebulous  light 
before  spoken  of:  no  luminosity  appeared  in  the  second  vacuum- 
tube  in  connection  with  the  secondary  wire  of  the  induction-coil, 
except  on  making  and  breaking  the  connection  with  the  battery. 
A.t  other  times  there  was  evidently  no  fluctuation  in  the  con- 
tinnous  discharge,  no  periodic  increase  or  diminution  of  flow,  and 
consequently  no  induced  current  in  the  secondary  wire  of  the 
induction-coiL 

'  In  the  second  experiment  wires  were  also  led  from  the  terminals 
jf  the  battery  (all  other  things  remaining  as  before)  to  the  coil- 
ftccumulator,  then  immediately  the  discharge  in  the  first  vacuum- 
tube  became  stratified  and  the  secondary  vacuum-tube  lighted  up 
clearly,  showing  that  under  these  circumstances  a  fluctuation  in  the 
iischaige  really  occurs  on  the  appearance  of  stratification. 

'  The  brilliancy  of  the  discharge  in  the  second  vacuum-tube 
(the  induced  current  passes  through  complicated  vacuum-tubes 
through  which  the  primary  current  cannot  pass)  depends  greatly 
on  the  quality  and  quantity  of  the  discharge  in  the  primary  vacuum- 
tube.  Under  some  circumstances  the  secondary  discharge  is  ex- 
tremely feeble,  and  the  illumination  barely  visible ;  under  others 
it  is  very  brilliant.'  * 

(213)  Electrtoal  Spectra  of  Bigrlily  Attenuated  Oaves. — 
In  order  to  observe  and  analyse  the  spectra  produced  by  difierent 

1  Mr.  de  la  Rue  has  since  increased  his  battery  to  11,000  cells,  and 
has  obtained  proportionately  increased  brilliant  effects. 

CO 
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gases,  Pliicker  concentrated  the  luminous  electrical  disbharge  em' 
rent  in  thermometer  tubes  whose  internal  diameters  wore  nearlj 
the  same  for  the  different  gases  examined,  viz.  ahont  0*6  milli- 
metre. The  form  of  the  tube  is  shown  in  "Fig,  joa  By  turning 
the  glass  cock  c  the  gases  in  the  two  tubes  ooiidd  be  put  into  com- 
munication.   The  spectra  were  obeenred  by  means  of  a  telescope 

(such  as  that  employed  by 
Fraunhofer  in  his  obeenration 
of  the  lines  of  the  solar  spec- 
trum),  without  angular  mea- 
surements. This  was  set  up 
at  a  distance  of  £rom  4  to  5 
metres  from  the  Vertical  line 
of  the  tube.  The  flint  glass 
,/r^-->--N-  \^^i^  ^_ — :jO,  prism,  whose  refractiye  angle 
"^^  ^    was  45  degrees,  was  fastened 

immediately  before  the  object-glass,  whose  aperture  was  1 5  ParioaQ 
lines.    The  following  results  were  obtained  by  Pliicker : — 

1.  Hydrogen. — ^Almost  the  whole  of  the  light  is  oonoentrated  into  three 
hands :  viz.  a  dazzling  red  at  the  extremity  of  the  spectmm  ;  a  beautifiil 
greenish  blue ;  and  a  violet  of  inferior  brightness,  whose  distance  from  the 
^eonish  blue  is  about  two-thirds  of  the  distance  of  the  latter  fSrom  the  red. 
In  the  narrow  tube  the  electric  light  stream  appears  red, 

2.  Nitrogen. — In  the  spectmm  of  this  gas  all  the  odours  are  fine,  none  of 
them  being  faded  as  in  the  broad  space  lying  between  the  bright  bands  of 
the  hydrogen  spectram.  In  the  spaces  of  the  red,  orange,  and  yellow,  there 
are  about  fifteen  narrow  dark  grey  lines  at  nearly  equal  distances  apart  Six 
of  these  belong  to  the  orange  and  yellow ;  both  of  these  colours  are  beautifiiL 
The  red  in  the  direction  away  from  the  orange  is  shaded  off  into  brown,  bat 
Ijecomcs  brighter  and  purer  towards  the  extremity  of  the  spectnun  which 
stretches  beyond  the  dazzling  red  bands  of  the  hydrogen  spectrum.  A  broad 
green  space  is  separated  from  the  yellow  by  a  narrow  black  band.  The 
greater  part  of  this  space  appears  shaded  with  black  in  the  direction  away 
from  the  black  band.  On  a  more  careful  examination,  this  shading  is  seen 
to  consist  of  very  fine  black  lines,  which  are  at  equal  distances  apart,  bat 
nearer  together  than  the  previously-mentioned  bands  on  the  red,  orange, 
nnd  yellow.  The  rest  of  the  green  space  is  again  subdivideii.  The  green  L^ 
bordered  by  two  beautiful  bright  blue  bands,  which  are  sharply  separated 
from  one  another,  and  from  the  green  by  narrow  black  bands.  The  blue  and 
red  violet  ends  of  the  spectrum  form  nine  sharply  bordered  violet  bands, 
alternating  with  dark  ones.  The  fourth  and  fifth  bright  bands,  separated  by 
a  black  b^nd,  possess  the  most  light ;  the  four  following  ones  are  less  pro- 
minent. The  last  one,  however,  which  forms  a  sharp  boundary  to  the  whole 
spectrum,  is  most  distinct  The  light  of  the  discharged  current  in  the  nar- 
row tube  is  yellowish  red. 

3.  Carbonic  Acid. — Six  bright  bands  sharply  separate  the  bright  portion 
into  five  spaces,  of  which  the  two  first  are  of  equal  breadth ;  the  tMrd,  and 
especially  the  two  last,  are  somewhat  broader.    The  first  of  the  six  bands 
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rf  tbs  nd ;  tba  second  is  rtddiiA  ernngr ; 
thB  tliiid  ynnu*  ydbw )  the  Irartii  fn ;  Ihr  ifth  Mu ;  ud  tbe  lut  eMtt. 
Both  ot  the  two  £nt  ipaesi  ue  dl^ded  Into  thiee  eqiuill;  broad  !ubdiTiBton.% 
bj  narrow  bkck  gnf  buida,  of  which  tws  dwiifi  border  upon  ihe  bright 
land.  The  Brat  qua  1<  tnwm  nd;  the  second  JirlyaTangi  aaiytUom  ;  the 
ftbdand  taazth  tfim  tn  ntktt  Jhdtd  grnem ;  the  fifth  apace,  which  isvery 
ftded,  ia  divided  into  two  sqiul  ipacea,  which  mie  shaded  off  from  the  red 
dde  lowsnta  tha  violet.  After  the  last-mentioced  violft  bind,  nnolher  dnrii 
pectim  cf  the  spectrum  occdis,  about  as  wide  as  the  Ted-;elloff  portion.  In 
this  dark  portion  three  spaca  are  Mparited  bv  three  proniiDeiit  and  weli- 
muked  violet  tisads,  whose  breadth  is  of  the  same  value  as  Chat  of  thi^ 
brfbTQ-iiientioiied  six  band*.  The  first  of  th«M  throe  spaces,  which  is  enn- 
tlgaoiu  to  the  above  six  bright  bands,  is  somewhat  broader  than  the  third. 
Both  are  perfectly  black,  lie  secood  and  middle  space  is  about  as  broad  at 
tte  flnt  and  third  together,  aikd  is  of  a  very  dark  violet  culonr.  The  lirht 
band,  whidi  at  the  momsit  of  commencing  was  of  an  especially  brilliant 
nd,  lost  altuoet  the  whole  of  its  bri(^tness  after  the  strKams  had  passed 
throngh  tbe  tube  for  a  long  time.  This  was  ocensioned  by  the  deenmposl- 
tieoof  Che  gas  into  earbonie  oiide  snd  oxifgtn,  the  latter  combining  with  the 
plaiiBDm  ef  tha  negative  electrode,  and  tbrming  oxide  of  platinum,  which 
■aa  d^oailed  of  a  yellow  colonr  upon  the  ueighbouriug  internal  aarface  of 

Wilji  axygen  Pliicker  could  cot  obtain  &  good  Bpectrum  011 
ucount  of  its  gradual  diaappenrsiiica  and  combination  nith  the 
jlUtinum  of  the  electrode;  biaoiide  of  nitrogen  was  decompo9ei), 
ginog,  after  &ome  little  time,  the  pure  spectrum  of  nitrogion  gas  in 
peat  eplendour;  aqaeout  vapour  was  likewise  decomposed,  and 
ihe  tpeetrum  of  hydrogen  produced ;  with  ammonia  the  spectra  of 
hjdn^en  and  Dttrogeo  superposed  were 
obtained-  ^'8-  301- 

For  eiperimentiag-  upon  the  spectra 
ptoduced  by  different  metals,  comparing 
them  with  that  produci^  by  platinum, 
the  arrangement  shown  in  Fig.  301  ia 
found  very  convement.  Tha  metnl.><, 
in  the  form  of  wires,  ore  attached  to 
screws,  paseing  through  clampe  of  vul- 
canite, which  can  be  adjuat«d  at  any  ' 
required  height  and  aujzlo  by  meai 
the  spring  tubes  conneclinfr  them  with 
the  upright  pillar.  The  wires  on  the 
left-hand  clamp  are  permanently  plati- 
num ;  those  on  the  right-haod  clamp 
may  be  of  any  other  metal  or  metals ; 
they  are  held  by  pincere,  so  that  they  may  readily  be  removed  ami 
replaced  by  odiers;   the  two  lower  screws  are  connected  metaUi. 
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Fig,3<»» 


cally.  The  two  upper  are  coimected  with  tke  Beoondarf 
terminals  of  the  coil,  and  then  with  the  Leyden  jar.  A  hiilBsnt 
discliarge  takes  place  simultaneouBly  between  the  wires  in  each 
clamp,  provided  the  distances  be  properly  adjosted,  and  the  appara- 
tus being  accurately  arranged  before  the  Bpectrum-box ;  one  spark 
is  retlected  through  a  prism,  and  the  other  is  received  direcdj 
through  the  slit;  the  two  spectra  immediately  become  apparent 
one  over  the  other,  so  that  the  peculiarities  in  each  case  may  he 
at  once  detected.  By  employing  the  little  capped  glass  tnbei 
shown  on  the  left-hand  side  of  the  figure,  spectra  may  be  obtained 
in  various  gases,  the  gases  being  passed  through  the  tube  while  the 
discharge  is  taking  place. 

(214)  ApplioatloB  of  Bleotrloal  Blsdliaivmi  flrom  me  la- 
daotion  Coll  to  the  Parpoaes  of  Hlmnlnatton. — ^The  shnplfi 

apparatus  shown  in  Fig.  302  was  devised  I7 
Mr.  Gassiot  for  this  purpose.  It  represents  a 
carbonic  acid  vacuum-tube  of  about  one-ox- 
teenth  of  an  inch  internal  diameter,  wound  in 
the  form  of  a  flattened  spiraL  The  wider 
ends  of  the  tube,  in  which  the  platinum  wires 
are  sealed,  are  about  two  inches  in  length,  and 
half  an  inch  in  diameter,  and  are  shown  by  tiie 
dotted  lines.  They  are  enclosed  in  a  wooden 
case  (indicated  by  the  surrounding  entire  line), 
80  as  to  permit  only  the  spiral  to  be  ezpoeed. 
When  discharge  from  the  induction  coil  is 
passed  through  the  vacuum-tube,  the  spiral 
becomes  intensely  luminous,  exhibiting  a  bril- 
liant white  light.  With  a  coil  so  as  to  pive 
a  spark  through  air  of  about  one  inch  in  length, 
the  luminosity  of  the  spiral  is  not  reduced  whf'B 
the  discharge  passes  through  14  miles  of  copper 
wire. 

A  mode  of  applying  the  electric  light  for 
mining  purposes  has  been  adopted  by  MM. 
Dumas  and  Benoit  {Comptes  JRendfis,  Sept  8, 
1862).  The  apparatus  consists  essentially  of 
three  parts: — i.  a  battery;  2.  a  Ruhmkorff  coil;  3.  a  (Jeissler 
vacuum-tube ;  the  whole  being  arranged  in  such  a  manner  as  to 
produce  a  sufficient  light  to  illuminate  the  miner,  and  allow  him 
to  work  when  other  lights  fail.  The  greatest  difficulty  in  the 
arrangement  consists  in  being  able  to  construct  a  battery  which 
shall  possess  sufficient  intensity  to  keep  up  a  regnlar  light  for  at 
least  twelve  hours  in  a  convenient  and  portable  form;  this  the 
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authors  state  that  they  have  accomplished^  the  whole  apparatus 
being  so  small  that  the  miner  can  cany  it  without  inconyenience  in 
a  small  carpet-bag. 

The  advantages  of  this  mode  of  illumination  are  that  the  light 
produced  is  cold,  or  rather  does  not  heat  the  tube  in  which  it  is 
produced,  and  that  the  gas  of  the  mine  has  no  access  to  it,  it  being 
completely  isolated.  It  is,  moreover,  quite  as  compact  as  ordinary 
lamps,  and  there  is  no  injurious  emanation,  and  it  can  be  lighted 
and  extinguished  at  will. 

(215)  Condensers  and  Xicyden  Jars  Cbargred  by  tbe  Zn- 
Auotlon  Coll. — In  1835,  Masson  (JV*ts6  Essay ^  Haerlem)  made  a 
series  of  experiments  by  which  he  proved  that  a  condenser  may  be 
charged  by  the  induction  coil  machine.  He  placed  the  two  poles 
of  the  coil  in  connection  with  the  coatings  of  the  condenser,  which 
coatings  he  at  the  same  time  connected  with  an  insidated  Lane's 
dischaiger,  the  balls  being  one-fiftieth  of  an  inch  apart ;  he  thus 
obtained  a  permanent  discharge,  surpassing  in  intensity  that  of  the 
direct  discharge  of  the  apparatus,  in  a  degree  proportional  to  the 
size  of  the  condenser  and  the  number  of  the  elements  of  the 
battery. 

Grove  and  Gasdot  {PhU,  Mag.,  Jan.  1855)  repeated  these  ex- 
periments on  a  much  larger  scale,  and  with  results  of  a  singularly 
interesting  character.  When  a  Leyden  phial  was  interposed  be- 
tween the  terminals  of  the  secondary  coil,  the  exterior  pole  being 
connected  with  the  interior  of  the  jar,  the  noise  and  bnlliancy  of 
tbe  discharges  were  greatly  increased,  but  no  advantage  was  gained 
by  increasing  the  number  of  the  cells  of  the  battery;  on  the  contrary, 
the  platinum  contact-breaker  was  thereby  rapidly  burnt.  When, 
however,  a  phial  of  double  the  capacity  was  employed,  the  brilliancy 
of  the  discharge  spark  was  again  increased,  and  on  adding  more 
coated  surface,  a  fresh  addition  could  be  made  to  the  battery,  with 
a  further  increase  in  the  efiects,  and  without  any  injurious  action 
taking  place  at  the  contact-breaker. 

The  difference  between  the  ordinary  induction  spark  and  that 
produced  when  the  secondary  terminals  are  connected  respectively 
with  the  inner  and  outer  coating  of  a  Leyden  jar  is  very  striking : 
in  the  former  it  is  flamelike,  soft,  and  quiet ;  in  the  latter  it  is 
bright,  sonorous,  and  apparently  large;  but  while  the  rattling  spark 
cannot  eaaly  fire  wood,  paper,  or  even  gunpowder,  the  soft  spark 
at  once  inflames  either  of  them.  The  effect  of  the  static  induction 
thus  introduced  is  not  so  much  to  vary  the  quantity  of  electricity 
which  passes  as  the  time  of  the  passage.  That  electricity  which, 
moving  with  comparative  slowness  through  the  great  length  of  the 
secondary  coil,  produces  a  spark  having  a  sensible  duration  (and 
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therefore  in  character  like  that  of  a  Leyden  jar  passed  through  ft 
wet  thread)  is,  when  the  jar  is  used,  first  employed  in  raising  up 
a  static  induction  charge,  which,  when  discharged,  produces  a  con- 
centrated spark  of  no  sensible  durationi  and,  therefore^  much  more 
luminous  and  audible  than  the  former. 

This  difference  in  the  character  of  the  two  sparks  is  weU  illus- 
trated in  the  following  experiment  (Faraday,  yioHces  of  the  Med- 
ings  of  the  Royid  Institution,  June  8,  1855) : — 

A  piece  of  platinnm  wire  is  fixed  horizontally  across  the  ball  of  a  Leyden 
jar,  and  the  platinum  wire  secondary  terminals  brought  respectively  near 
its  ends ;  two  interruptions  are  thus  produced  in  the  seodndarv  circuit,  the 
sparks  at  which  are  like  each  other,  and  equal  in  quantity  of  efectrid^,  the 
jar  as  yet  forming  only  an  insulating  support  But  if  in  addition,  either 
secondary  terminal  be  connected  by  a  wire  wit^  the  outside  of  the  jar,  the 
spark  on  that  side  assumes  the  bright  loud  character  before  described,  but 
ceases  to  fire  gunpowder  or  wood ;  and  nobody  would  at  first  suppose  (what 
is  really  the  case)  that  there  is  the  same  electricily  passing  in  one  as  in  the 
other. 

If  one  of  the  secondary  terminals  be  connected  with  the  outside  of  the 
Leyden  jar,  and  the  other  be  brought  near  the  knob,  a  soft  spark  appears  at 
that  interval  for  every  successive  current  in  the  primary  circuit.  This 
spark  is,  however,  donhU,  for  the  electricity  thrown  into  the  jar  at  the 
moment  of  induction  is  discharged  back  again  at  the  same  place  the  instant 
the  induction  is  over.  The  first  discharge  heats  and  prepares  the  air  thoe 
for  the  second  discharge,  and  the  two  are  so  nearly  simultaneous  as  to  pro- 
duce the  appearance  of  a  single  spark  to  the  unaided  eye. 

In  all  these  experiments  the  exterior  pole  of  the  secondary  wire 
must  be  in  contact  with  the  knob  of  the  jar,  unless  it  be  insiUated, 
in  which  case  it  is  immaterial  which  way  the  connections  are 
made.  When  two  coils  are  properly  connected  together  through 
their  primaries  and  Becondaries,  and  a  battery  of  from  10  to  15 
cells  of  the  nitric  acid  battery  employed,  the  extent  of  coated  sur- 
face may  be  increased  to  7  square  feet ;  the  discharge  sparks  aie 
then  fully  }  of  an  inch  in  length,  piercing  stout  card,  and  accom- 
panied by  a  loud  and  continuous  noise. 

With  Ruhmkorft*'8  large  coil  (202),  electrical  batteries  may  be 
charged  and  discharged  with  a  continuous  and  almost  deafening 
noise.  The  most  brilliant  efiects  are,  however,  produced  by  charging 
a  series  of  jars  by  cascade  (Fig.  46,  p.  48).  When  six  jars,  each 
containing  about  two  square  feet  of  coated  glass,  are  employed,  a 
continuous  stream  of  the  most  daazliug  light,  6  inches  in  length,  is 
produced,  accompanied  by  a  noise  that  cannot  long  be  endured. 
With  one  jar,  the  discharge  spark  is  2  J  inches  long;  with  two  jars, 
3J  inches ;  with  three  jars,  4^  inches ;  with  four  jars,  5  inches 
and  with  five  jars,  5 J  inches. 
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The  manner  of  arrangjiig  a  Leaden  jar  far  continuouB  charing 
snd  discbaiging  by  the  altemaliag  induced  current  U  shown  in 
■^^-  303,  the  outer  and  inner  coalinga  being  respeclivelj  in  com- 
miuucaition  with  tlie  poles  of  the  secondary  coil,  and  the  termiuale 


of  the  discharger  being  set  about  one  inch  apart ;  the  jar  becomes 
constantly  charged  by  the  coil,  and  discharged  between  the  poinla 
of  the  discharger. 


But  the  jar  may  be  charged  by  the  einl  in  such  a  m 
retain  its  charge,  ae  when  it  is  chaiged  in  the  usual  ma 


IT  by  the 
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conductor  of  an  electrical  machine.  For  this  purpose,  it  is  arranged 
as  shown  in  Fig.  304 ;  the  outer  coating  is  brought  into  commum- 
cation  with  one  of  the  poles  of  the  coil,  and  the  inner  with  one  of 
the  arms  of  the  dischargeri  the  other  arm  of  which  is  in  communi- 
cation with  the  other  pole  of  the  coil;  the  points  of  the  dischargei 
are  set  two  or  three  inches  apart. 

Now  it  must  be  remembered  that,  when  the  poles  of  the  second- 
ary coil  are  connected  by  a  metallic  wire,  or  other  good  conductor, 
there  are  two  currents  moving  through  it  alternately  in  opposite 
directions,  but  that,  when  the  poles  are  separated,  one  only  of  these 
waves  or  currents  is  brought  into  action,  that,  namely,  produced 
when  battery  contact  with  the  primary  is  broken,  which  is  by  far 
the  most  intense ;  the  other  wave,  that  produced  by  makiog  bat- 
tery contact,  is  stopped  off  from  the  secondary  wire,  being  ex- 
pended in  the  primary  wire  itself  as  has  already  been  stated 
(198).  The  jar,  therefore,  receives  not  an  altematixig  but  a  direct 
charge,  and  after  a  few  sparks  have  passed,  it  may  be  removed 
and  discharged  in  the  usual  manner.  With  KuhmkorfTs  laige 
instrument  above  described  (202),  a  battery  containing  10  square 
feet  of  glass  is  charged  to  saturation  in  a  few  seconds. 


CHAPTER  XVI. 


THERMO-ELECTRICITY. 


Discovery — ^Thermo-electric  Series — ^Thermo-electric  Piles  and  Batteries — 
Nobili — Bimsen — Becquerel — Clamond — Wray — Laws  of  Thermo-elec- 
tricity— Absorption  and  Greneration  of  Heat — ^Thermo-currents  from 
Fused  Salts. 

(216)  Seebeek's  BiseoTerjr. — ^In  the  year  1821,  Professor 
Seebeck,  of  Berlin,  ascertained  that  electrical  currents  may  be 
excited  in  all  metallic  bodies  by  disturbing  the  equilibrium  of 
temperature,  the  essential  conditions  being  that  the  extremities 
ahoold  be  in  opposite  states  as  regards  temperature.  His  appa- 
ratus was  remarkably  simple :  it  consisted  of  two  different  metals 
(antimony  and  bismuth  were  found  the  most  efficient)  soldered 
together  at  their  extremities,  and  formed  into  frames  of  either  a 
circular  or  a  rectangular  figure.  Electricity  was  excited  by  heat- 
ing one  of  the  compound  comeis  by 
the  flame  of  a  spirit  lamp,  and  cool- 
ing the  opposite  comer  by  wrapping 
a  few  folds  of  filtering  paper  round 
it,  and  moistening  it  with  ether. 


Fig-  305. 
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In  Fig.  305,  c  c  is  a  plate  of  copper, 
the  ends  of  which  are  bent  at  right  angles, 
and  soldered  to  a  plate  of  bismuth,  h  h ; 
a  magnetised  needle  is  balanced  in  the 
mterior  of  the  circuit.  The  apparatvs 
being  placed  in  the  magnetic  meridian, 
one  of  the  junctions  of  the  metals  is  heated 
by  a  spirit-lamp,  the  needle  is  immediately 
deflected,  showing  the  passage  of  an  elec- 
trical current  in  the  direction  of  the  arrow-head,  t.e.  from  the  hot  to  the 
cold  end. 

In  Fig.  306,  two  firames  composed  of  platinum  and  silver  wires  are  deli- 
cately poised  on  the  poles  of  a  horseshoe  magnet,  a  spirit-lamp  being  placed 
between  them»  the  flame  of  which  causes  the  circulation  of  thermo-electric 
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FlR.306. 


currents  in  the  wires,  as  shown  by  their  rotation  round  the  polei  oC  tht 

magnet 

If  the  extremitieB  of  two  platiniim  wiies  be  esdhi 
coiled  into  a  flat  spiral  and  the  other  ends  conneeted 
with  a  delicate  galvanometer,  a  current  of  dertridty 
will  be  determined  through  the  instrument  by  merdy 
heating  one  spiral  to  redness  and  laying  it  on  the  oihei; 
the  flow  of  the  current  being  from  the  hotter  to  the  colda 
portion. 

If  portions  of  a  metallic  wire  be  stretched  by  wei^its, 
and  connected  with  other  portions  of  the  same  wire  not 
su  Htretched,  it  was  in  1856  shown  by  Sir  WillisiB 
Thomson,  that  on  applying  heat  to  their  junctions,  a 
current  is  determined  from  the  stretched  to  the  Oh 
stretched  wire  through  the  heated  point. 

(217)  Tbermo-eleotrio  Series. — Experiments  liave  shown 
tliat  the  tberiuo-electric  properties  of  metals  have  no  conneeiian 
with  their  voltaic  relations^  or  with  their  power  of  conductaog 
heat  or  electricity;  neither  do  they  accord  with  their  spedfie 
gravities  or  atomic  weights.  In  forming  a  thermo-electric  seiiM^ 
it  is  desirable  to  combine  an  extreme  positive  with  an  extreme 
negative  metal.  The  following  series  was  arranged  by  ProisflBor 
Gumming.  When  any  of  these  metals  are  heated  at  their  poiot 
of  junction,  electrical  currents  are  developed  in  such  a  mamier 
that  each  metal  becomes  positive  to  all  below  and  negative  to  aU 
alx)ve  it  in  the  list,  and  the  reverse  order  is  observed  if  the  point 
of  junction  be  cooled: — 


la 

lit 

r 

h 


Galena 

Bismuth 

Mercuf}'' ) 

Nickel     i 

Platinum 

Palladium 

Cobalt 

Maugancse 

Tin 

Lead 

Brass 


Rhodium 

Gold 

Copper 

Silver 

Zinc 

Cadmium 

Charcoal 

Plumbago 

Iron 

Arsenic 

Antimony 


The  following  thermo-electric  order  and  energy  of  various  bodies 
for  temperatures  usually  ranging  between  about  40°  and  100°  has 
been  published  by  Matthiessen  (Phil,  Trans.,  1858).  In  the  table 
the  electromotive  force  of  the  thermo-current  excited  between 
silver  and  copper  is  taken  as  equal  to  i,  the  current  passing  from 
the  silver  to  the  copper  at  the  heated  end.  The  numbers  represent 
the  force  of  the  current  between  sDver  and  each  metal  in  succes- 
sion, heated  to  the  same  point.    Where  the  positive  sign  is  pre- 
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the  current  is  from  the  silver  to  the  other  metal  at  the 
junction ;  where  the  negative  sign  is  prefixed,  the  current 
a  the  other  metal  at  the  heated  point  towards  the  silver, 
iterisks  denote  that  the  metal  hj  which  it  is  placed  was  sup- 
to  be  chemically  pure : — 


Thermo- eiectric  Order 

ith,  commercial  pres- 

wire 

uth,  pressed  wire    . 
ath|  cast    .... 
illised  Bismath,  axial 
d  of  Bismath,  eqtia- 
al 


nam 


limn 

n 

axy 

niam 

isimn 

,  pressed  wire     .    . 
pressed  wire  .    .    . 

r  wire 

um 

n 

nony,  pressed  wire . 
r 


of  Metals^  |rc.,  according  to  Mtxtthiessen. 

+ 

Gas  coke,  hard     . 

*Zinc,  pressed  wire 

•Copper,  voltaic  . 

♦Cadmium.    .    . 

Antimony,  pressed  wire 

Strontium  .    .    . 

Lithium     .    .    . 

•Arsenic     .    .    . 

Calcium      .    .    . 

Iron,  piano  wire  . 

Antimony,  axial . 

Antimony,  equatorial 

*Red  phosphorus 
1*283    *Antimony,  cast . 
i'i75    Alloy,  la  bismuth ) 
1  tin,  cast  > 

Alloy,  a  antimony ) 
I  zinc,  cast  i 

♦Tellurium      .    . 

♦Selenium       .    . 


35-81 
32-91 
24*96 

24-59 

17-17 
8-97 

5*49 
5-02 

3-56 

3-094 

2-524 


1*029 
i-ooo 

I -GOO 
0-723 
0*163 
0*036 
O'OOO 


0057 

0*208 
0*244 

0*332 

1-897 

2*028 

3*768 
3*828 

5*a6o 
5-218 
6*965 

9*435 
9*6oo 

9-871 
13-670 

22*70 


179*80 
390*0 


e  following  tahle,  prepared  hy  Professor  Tait,  gives  the 
Titure  at  which  certain  metals  are  neutral  to  each  other : — 


Iron       .... 

+  357 

Tin        ...        . 

+     45 

Brass     .... 

.        -f     27 

Lead     .... 

Zinc 

-     32 

Copper 

-     68 

Cadmium      .        .        .        . 

-     69 

Aluminium  . 

-  113 

Silver   . 

-  "5 

Palladium    . 

-  181 

German  silver 

-  314 

8)  Tbermo-eleotrio  Piles  and  Batteries. — ^The  arrange- 
)f  the  thermo-pile  invented  in  1834  hy  Nohili  and  MJalloni  is 
in  Figs.  307  and  308.  It  is  composed  of  a  series  of  vmall 
'  antimony  and  hismuth,  placed  parallel  side  hy  side,  forming 
rismatic  hundle  about  i^  inch  long,  and  somewhat  less  in 
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diameteT,    The  hurt  of  tnamHtli  which  succeed  altenuMj  to  "diau 
of  uitimany  ikre  eeldand  at  their  eztaemitia  to  the  Uttn  metil, 

Flg.307-  Fig.  308. 


and  eeparated  at  avaiy  other  put  of  their  aurfaces  hj  aoi 
SDlstiiig  Buhetance,  such  m  bH  and  paper.  The  first  and  lut 
bars  have  each  a  copper  wire  which  fermiiiBteB  in  a  p^  of  tLs 
B&DW  metal  pasuog  through  %  piece  of  ivory  fixed  in  m  ring;  tba 
apace  between  thia  ling  and  the  element*  of  the  pile  ie  filled  irith 
aome  iusulaliiig  substonce.  This  appaiatua  was  employed  hj  Md- 
loni  in  hia  eiperimentii  on  radiant  heat.  The  loose  extiemitiv 
of  the  copper  wires  are  connected  with  the  enda  of  tile  wire  of  1 
galTanoineler  which  indicates  by  the  motion  of  the  needle  IBJ 
vaiiatioa  in  the  temperature  of  the  opposite  &ces  of  the  pile. 

Two  forms  of  the  tbermo-electiic  batteries  are  shown  m  Fga 
309  and  310. 

Locke^A  tbermo-battery  (Fig.  309)  ifl  composed  of  ftont  30  to  looaeriv 
nC  bais  of  antimoDy  acid  bismaCh,  soldered  together  it  their  extramtliB 
and  placed  in  a  metallic  cylinder,  which  is  then  filled  with  plaster  of  Piriii 
leaving  merely  the  extremities  of  the  ban  exposed.  The  fiist  bar  of 
I)i9niuth  ia  connectod  with  one  of  t^a  binding  screws,  and  the  last  antinHn; 
hur  with  tbe  otber.  Tbe  Insttiimenlr  la  put  in  action  by  placing  it  oD  > 
vessel  of  ice,  and  then  laying  a  hot  iron  plate  on  the  top. 

Wataun's  massive  thermo-battery  ia  shown  in  Fig.  310.  It  conaislj  of 
an  nasociation  of  aqoare  biamnth  and  antimony  plates  alternately  aoldeial 
together  an  ng  to  form  a  compoaite  battery,  moonted  in  a  frame,  with  tbe 
upper  and  lower  junctions  of  metal  exposed  When  either  of  the  ends  an 
slightly  elevated  or  depieaaed  in  regard  to  temperatare,  the  electric  cunent 
is  establlabed,  and  with  tbe  radiation  of  red-hot  iron  at  ooe  extremlti',  ind 
ice  at  the  other,  all  the  ordinaiy  electric  phenomena,  anch  as  the  apark, 
hext,  electro-niagnetic  rotations,  chemical  ai^ion,  &c^  are  developed. 

Professor  Dove  employed  iron  and  platinum  soldered  together 
in  alternate  lengtha,  and  the  whole  wound  on  a  cylinder  of  such 
diameter,  as  to  bring  all  the  iron-platinum  junctjons  on  one  ude  of 
the  cylinder,  and  all  the  platduum-iron  jonetioDS  on  the  other. 
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Turner,  in  Americs,  aaed  IfarkuB  metal  u)d  Germaii  bUvbi,  but 
Ulad  to  wcore  a  good  permaneDt  connectioii. 

Imitead  of  bismutli  and  ttadmony, 
Bunsen  used  as  the  elements  of  bis 
thenuo-battery  copper  pyrites  com" 
Uned  with  copper,  or  pyrohitite  com- 
lonad  with  copper  or  platiiiiiin.  Ten 
of  Boch  cotnbinationa  give  all  the 
actionB  of  a  Daniell  battery,  having 
on  efiectiTe  copper  surface  of  14 
BquBM  centimeties  (z'17  square 
inches)  in  area.  Stefiin  employed 
granulated  sulphide  of  lead  for  the 
poeitiTe,  and  copper  pyrites  for  the 
negative  element — the  power  of  a 
single    pair,    aa  compared   with   a 


Dauiell's  cell,  is  stated  to  be  as  1  to  S'S-    Moi'ci 
naed  for  the  positive  metal  an  alloy  composed  of 


and  for  the  negative  an  alloy  compoaed  of 


The  elements  of  bis  battery  are  about  7  inches  long,  7  lines 
broad,  and  half  a  line  thick;  they  are  screwed  together,  and  bo 
arranged  that  their  lower  junctions  can  !»  heated  by  a  row  of  gas 
jets,  and  the  upper  cooled  by  a  current  of  water.  The  electro- 
motive force  of  one  element  is  equal  to  one-twenty-fiftb  of  a  Bun- 
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Mcn*B  cell.  Six  pain  decompose  water;  thirty  pain  caiue  an 
electro-magnet  to  lift  150  lbs.;  and  one  hundred aad tweiitf^ii 
pairs  decompose  water  at  the  rate  of  25  cubic  inches  of  nuxed 
^QM^s  per  minute,  and  melt  a  platinum  wire  half  a  millimetie  in 
thickness. 

The  convernon  of  heat  into  electricity  by  this  battery,  is  strik- 
ingly shown  by  the  fact  that  the  water  used  for  cooling  the  upper 
junctions,  is  more  rapidly  warmed  when  the  current  is  bro^ 
than  when  it  is  closed. 

It  was  stated  by  Marcus,  in  a  communication  to  the  Austiiui 
Academy  of  Sciences,  that  he  had  constructed  a  furnace  consundos 
240  lbs.  of  coal  per  day,  intended  to  heat  768  elements  of  Ui 
thermo-battei'y,  the  electromotive  power  of  which  would  be  eqin- 
valent  to  30  cells  of  Bunsen's  nitric  acid  arrangement. 

Wheatstone  constructed  a  thermo-pile  on  Marcuses  prindplei 
tiic  electromotive  force  of  which  was  equal  to  two  DanieU's  od]i» 
he  found  that  its  power  was  greatly  increased  by  repeatedly 
melting  the  alloy  composing  the  bars,  probably  in  consequence  of 
their  cr}'8talline  structure  being  thereby  broken  down.  Sixty  d 
Wheatstone's  elements  produce  the  following  effects : — They  givt 
a  brilliant  spark ;  raise  to  incandescence  and  fuse  half  an  inch  of 
fine  platinum  wire ;  decompose  water :  electroplate  copper  ^miik 
silver;  make  an  electro-magnet  lift  i^  cwt. ;  and  give  bright sparia 
from  the  primary  and  secondary  coils  of  a  Ruiunkorff  induction 
coil :  in  fact,  they  reproduce  all  the  effects  obtainable  from  a  voltuc 
battery. 

Sir  ^Villiam  Thomson  discovered  the  singular  fact,  that  whai 
a  metal  circuit  is  heated  at  one  spot,  and  a  current  is  passed 
tliroiigh  it,  the  heat  is  conveyed  by  the  current  in  a  direction  de- 
pendent on  the  nature  of  the  metal.  With  iron  or  platinum,  the 
heat  is  carried  by  the  positive  current  from  hot  to  cold,  with  copper 
and  other  metals  in  the  reverse  direction. 

(219)  Tbermo-eleotrlo  Pile  of  Bd.  BeequereL — M.  Bec- 
querel,  sen.,  had  observed,  as  far  back  as  1827,  that  a  copper  wire, 
coupled  with  a  wire  of  similar  metal,  sulphuretted  on  the  surface, 
gave,  by  an  elevation  of  the  temperature  of  one  of  the  contacts  from 
200°  to  300°,  a  thermo-electric  couple  much  more  energetic  than 
those  which  can  be  obtained  with  other  metals. 

M.  Ed.  Becquerel  (see  Ganot,  Traits  de  Physique,  1 5th  edit.), 
having  carried  on  some  researches  in  1865,  upon  the  thermo- 
electric power  of  artificial  sulphuret  of  copper,  found  that  this 
substance,  heated  to  200°  or  300°,  was  strongly  positive,  and  that  8 
couple  of  this  sulphuret  of  copper  and  of  copper  has  an  electro- 
motiye  force  nearly  ten  times  greater  than  that  of  a  bismuth-copper 
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eoapla.    Natire  sulphuret  of  copper  a,  on  the  contrary,  stronglj 

Ab  the  ortifidal  inlphuiet  onlj  melta  at  about  1035°,  it  ma;  he 
niad  at  \etj  Ugh  tamperatnTeB.  The  metal  joined  with  it  is 
German  mlTer  (90  of  copper  and  10  of  nickel).  The  BTrangemeat 
of  a  hatteiy  ia  aa  followe ; — The  Bulphuret  ii  cut  in  the  form  of 
rectangular  prismB,  10  centimetree  in  length,  1 8  mm.  in  breadtfa, 
uidismm.  thick.  In  front  (Fig.  311)  ia  a  plate  of  Serman  slver 
«,  intended  to  protect  the  inlphuret 
tem  roaeting  vhen  it  ie  placed  in  Fig.  311. 

■  gas  flame.  Below  there  ia  a  plat« 
dQemufi  silver  if  u,  which  is  hent 
KTeral  times,  bo  aa  to  be  joined  to 
the  snlphiDet  of  the  next,  and  so 
OD.  The  couples,  thus  arranged  in 
tiro  Mriea  of  zj,  are  fixed  to  a  wooden 
fiame  supported  hy  two  brass  columns, 
an  which  it  can  be  more  or  less  rused. 
Below  the  couples  there  is  a  brass 
trough,  through  which  water  is  con- 
stantly flawing.  The  plates  of  Ger- 
man direr  are  thus  kept  at  a  constant 

temperature.  On  each  side  of  the  trough  are  two  long  burners  ou 
the  Aigand  principle,  fed  by  gaa  from  a  caoutchouc  tube.  The 
&ame  b^ng  aufSciently  lowered,  the  ends  are  kept  at  a  temperature 
of  2oa°  to  300°.  For  collecting-  the  current,  two  binding  screws  are 
placed  on  the  left  of  the  frame,  one  communicaliag  with  the  tlrst 
Bulphnret—lhat  is,  the  positive  pole — and  the  other  with  the  last 
Gennan-aUTer  or  negative  pole.  At  the  other  end  of  the  frame  are 
two  binding  screws,  which  Militate  the  arrangements  of  the 
couples  in  Tarious  ways. 

The  reaiatanee  of  aulphuret  of  copper  is  gieat,  and  consequently 
the  current  can  acquire  great  tendon.  It  may  be  used  for  tele- 
graphing at  a  distance,  and,  charging  an  electro-magnet,  can  lift  a 
weight  of  zoo  pounds.  It  cau  heat  a  short  piece  of  line  iron  wire 
to  redness,  and  freely  decomposes  water.  The  electromotive 
force  of  a  Darnell's  cell  is  equal  to  about  8  or  9  of  these  couples. 

(z20)  ClBmond'a  Tbermo-electrlc  BatterT-. — One  of  the 
irreatest  improvements  introduced  in  thBrmo-olectricitj  lias  been 
that  of  the  '  Clamond  Pile.'  M,  Diamond  has  been  for  many 
years  working  on  the  subject  of  thermo-electricity,  with  a  view  of 
biinging  it  into  real  practical  use,  and  he  patented  in  186S  hia 
Srst  thermo-pile,  in  which  was  employed  a  sulphuret  of  lead  in  the 
form  of  native  galena   and  iron.     That  mode  of  construction  was 
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•landooed  in  &vour  of  his  present  well-known  sji^ea,  wluch  hii 
been  broutiht  to  frreat  perfection,  and  which  wu  pfttoited  in  1S74. 

In  a  paper  read  before  the  Society  of  Telegraph  J^nginaen  1^ 
Mr.  Lntimer  Ckrh,  on  April  36,  1876  (toL  t.  p.  331),  the  j/ntai 
th<irmo-pile  is  thoroughly  described. 

*The  niixtuie  employed  by  Clamond  conuata  of  &n  alloy  of 
two  jmrte  of  antimony  and  one  of  rinc  for  the  negatiTe  metal,  ud 
fur  thu  positive  element  he  empbye  ordinary  tinned  ■heet-inio, 
the  cunvjit  flowing  through  tha  hot  junction  ftom  the  iron  to  tla 
alloy.  Tlie  combinatioQ  ia  one  of  great  power.  Each  demot 
coimiBts  of  a  flat  bar  of  the  sUoj,  &om  2  inchea  to  2}  incbn  in 
leofrth  and  from  Jths  to  1  inch  in  tliinlmAM.  Their  form  ie  shon 
in  Fig.  31 2,  by  which  it  will  be  seen  that,  looked  at  in  plan,  th^  in 
Bpindle-Bbaped,  or  broader  in  the  middle  than  at  the  entl«.   The 
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sheet  tin  is  stamped  out  in  the  form  shown  in  Fig.  313;  the  namw    I 
portion  ia  then  bent  into  the  forma  ehown,  in  which  state  they  *n 
ready  for  being  fixed  in  a  mould. 

'  The  melted  allay  is  poured  in,  and  before  it  has  cooled  the 
mould  i^  opened  and  the  bars  remoTed  with  the  logs  securely  cut 
into  them.  The  mould  is  heated  nearly  to  the  melting  point  of  lh« 
alloy,  and  10  or  12  bars  are  cast  at  one  time.  A  little  zinc  is  added 
Irom  time  to  time  to  make  up  for  the  loss  due  to  yoktilisation.  Hh 
a.lloy  melts  at  a  temperature  of  about  500°  Fahrenheit ;  it  ozpu^ 
I'OQsiderably  in  cooling.  Tha  mora  frequently  the  alloy  ie  reesK 
the  more  perfect  becomes  the  mixture,  so  that  old  piles  can  In 
rsconTert«d  with  advantage  and  with  little  loss  beyond  that  of 
the  labour.  The  alloy  is  extremely  weak  and  brittle  and  eanlf 
brohen  by  a  geutle  blow — in  fact,  it  la  scarcely  atrot^r  than  k^ 

'  The  tin  lugs  are  bent  into  form,  and  tbe  bars  are  arranged  in  1 
radial  manner  round  a  temporary  brass  cylinder,  aa  shown  ia 
Fig.  312,  a  thin  slip  of  mica  being  inserted  between  tbe  tin  lag  tod 
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he  sdloy  to  prevent  contact  except  at  the  junction.  The  number 
>f  radisd  bars  varies  with  the  size  of  the  pile,  but  for  the  usual 
dzes  eight  or  ten  are  employed.  As  fast  as  the  bars  are  laid  in 
[losition  they  are  secured  by  a  paste  or  cement  formed  of  powdered 
iflbestos  and  soluble  glass  or  solution  of  silicate  of  potass;  flat 
rings  are  also  formed  of  the  same  composition,  which  possesses 
considerable  tenacity  when  dry,  and  as  soon  as  one  circle  of  bars 
b  completed  a  ring  of  the  dry  asbestos  cement  is  placed  upon  it, 
and  another  circle  of  elements  is  built  upon  this,  and  so  on  until 
the  whole  battery  is  fbrmed.  Oast-iron  frames  are  then  placed 
at  top  and  bottom  of  the  pile  and  drawn  together  by  screws  and 
lods,  so  as  to  consolidate  the  whole,  and  in  this  conc^tion  the  pile 
18  allowed  to  dry  and  harden.  Looked  at  from  the  inside,  the 
fiices  of  the  elements  form  a  perfect  cylinder,  within  which  the  gas 
is  burned.  The  inner  face  of  each  element  is  protected  from  exces- 
sive heat  by  a  tin  strip  or  cap  of  tin  bent  round  it  before  it  is  em- 
bedded in  the  cement ;  the  projecting  strips  of  tin  from  the  opposite 
ends  of  each  pair  of  elements  are  brought  together  and  soldered 
with  a  blowpipe  and  soft  solder.  The  respective  rings  are  similarly 
connected,  and  the  whole  pile  is  complete  except  as  regards  the 
heating  arrangements.  The  positive  pole  of  these  piles  is  always 
placed  at  the  top.  Oununing  was  the  first  to  use  this  stellar 
arrangement  of  couples. 

^  The  pile  is  usually  heated  by  gas  mixed  with  air,  on  the  Bunsen 
principle ;  the  gas  is  introduced  at  the  bottom  of  a  tube  of  earthen- 
ware, which  is  closed  at  the  top,  and  is  pierced  with  a  number  of 
small  holes  throughout  its  length,  corresponding  approximately  in 
number  and  position  with  the  number  of  elements  employed.  Be- 
fore entering  this  tube  the  gas  is  allowed  to  mix  with  a  regulated 
proportion  of  fdr  by  an  orifice  in  the  supply  tube,  the  size  of  which 
can  be  adjusted ;  the  mixed  gases  escape  through  the  holes  in  the 
earthenware  tube  and  there  bum  in  small  blue  jets,  the  annular 
space  between  the  gas  tube  and  the  elements  forming  a  chimney, 
to  which  fdr  is  admitted  at  bottom,  the  products  of  combustion 
escaping  at  the  top. 

'  In  order  to  prevent  injury  from  over-heating,  and  to  diminish 
the  consumption  of  gas,  M.  Olamond  has  introduced  a  new  form 
of  combustion  chamber,  by  which  he  obtains  very  great  advan- 
tages. This  form  is  shown  in  Fig.  314.  The  mixture  of  air  and 
gas  is  burnt  in  a  perforated  earthenware  tube,  as  before  described, 
but  instead  of  extending  the  whole  height  of  the  battery,  it  only 
extends  to  about  one-half  of  its  height.  The  earthenware  tube  is 
surrounded  by  an  iron  tube  of  larger  diameter,  which  extends 
nearly  to  the  top  of  the  battery,  and  is  open  at  the  top.     Outside 
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tbia  iron  tube,  and  li  mmt  diitauea  from  it,  tn  Kmnf^iA  0* 
elementa  in  the  ihuaI  mumar.  A  movaUe  eoror  flti  doMlj  (pm 
the  top  of  the  jdle,  ud  a.  chimney  is  eonneeted  to  die  botbn  d 
the  fula,  leading  off  from  the  aonulu  ipace  between  the  iitm  toha  lai 
the  interior  f&cea  of  the  elemeate.  The  aix  enten  attbe  bottom  d 
the  iron  tube,  and  the  heated  gaMa  paamng  up  the  tabe  eoA  ow 
U  the  top  and  deaoead  on  its  ontaidc^  eeeatnng  eTentaa%  by  te 
chimnej.    The  elemeiita  tn  heated  partly  by  ladiatioii  bom  du 
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iron  tube,  and  paillj  bj  the  hot  gaaea  which  paoa  ontdda  the  tnba 
dowrwards  towards  the  chinmay.  By  this  arrangement  not  Wilj 
is  great  eoonomj  of  gaa  effected,  the  conaumptioii,  aa  I  am  informed, 
being  reduced  by  one-half,  but  the  great  advantage  ia  obtuiwd 
that'Uiejeta  of  gas  can  never  impinge  directly  on  the  element!, 
and  it  ia  thus  scarcely  possible  to  injure  the  connectionB  by  OTer- 
healing.  In  the  event  of  a  bad  connection  occurring,  it  ia  easy  to 
find  out  the  imperfect  element  and  throw  it  out  of  nae  by  ahoit- 
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AiGni'tiBg  it  oyer  vitk  a  jneee  of  wire,  and  the  nukksrs  hare  do 
fifficulty  in  tnitting'  out  a  defaetive  element  and  Mplaciug  it  b;  a 
Mimd  one. 

'  Ooke  and  chaicoBl  have  also  been  employed  aa  a  source  of 
heftt,  with  very  great  economy  and  succees ;  in  fact,  there  are  many 
COnutrieB  and  placaa  where  gas  would  not  be  procurable,  but  vheie 
charcoal  or  coke  could  be  readily  obtained. 

'  1^  tenuoD  produced  by  CLamond'e  thermo-eloments  ie  euch 
bat  each  20  elements  may  be  taken  aa  practically  oqnal  t«  one 
DluieU'e  cell  or  <Hie  Tolt. 

'  A  laige  number  of  thaaa  pies  have  been  in  oae  in  thia  country, 
lod  a  still  gfreater  number  in  Franco.  Some  extensive  practical 
Izperimente  were  made  as  to  tbe  use  of  the  pile  for  working 
Ml^raph  circuits.  The  Post  Office  authorities  employed  at  the 
!]leiieral  Poet  Office  &to  pairs  of  Olamsnd'a  thermo-piles  in  wort 
mg  circuits  on  wbat  is  called  the  uniTersal  battery  system — that 
ks,  worldly  many  circuits  from  the  same  set.  Three  were  employed 
first  in  working  12  ciicuita,  which  were  gradually  increased  to  43 ; 
and  the  two  others  were  employed  in  worldng  first  20,  which  were 
gradnally  increased  to  48:  so  that  these  5  therm o-plee  were  used 
in  working  90  separate  and  distinct  circuits  Aom  the  Qeneral 
Port  Office.  These  circmts  were  all  under  100  miles  in  length. 
The  piles,  however,  gradually  £uled  &om  the  over-heating,  by  which 
the  connection  between  the  two  platea  waa  fused  or  deetroyed. 
The  improved  form  has  not  been  tried  in  this  direction.' 

(z3i)  mwj*!  T&ermo-alBetrle  Vila. — In  1876  Messrs.  L. 
and  0.  Wray  patented  an  improved  fbrm  of  thermo-electric  pile, 
wfaich  may  be  seen  in  Fig. 
315.  Th^  first  improve- 
ment {Journal  of  the  Sedetg 
tf  Tdegr(^Eiigmeert,  vol. 
T.  p.  351)  is  in  the  manner 
of  casting  the  bars.  They 
are  cast  under  presmire,  as 
thej  always  hare  been,  and 
the  change  consists  in  the 
nie  of  B  small  tongue  of 
tinned  iron  cast  down  the 
centre  of  tliebar  (ilgs.  316, 
317),  extending  nearly  its 
whole  length.  This  adds 
materiallj  to  the  strength, 
and  it  is  stated  that  it  also 
deereaaei  the  remstanoe  and  increases  the  electiomodve  tbrce. 
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any  rate,  it  increases  the  strength  in  the  piopartioB  of  aVmt  30 
to  50,  80  that  the  couples  aie  not  so  fingile  as  before. 

Fig.  516.  Pig.  3x7. 


The  next  improvement  is  in  the  method  of  building  up  llie 
battery.  The  battery  is  built  up  by  a  number  of  discs  made  up  ot 
burnt  clay,  pipe-clay,  or  biscuit  ware,  and  between  each  dne 
interposes  a  small  triangle  of  the  same  material,  with  metil 
rods  to  hold  the  whole  together.  The  consequence  is,  these  dtta 
and  triangles,  when  in  place,  sustain  the  whc^  pressure,  and  ti» 
thermo-bars  rest  upon  them,  and  can  be  removed  and  re-aiiaxiged 
when  necessary ;  by  this  improvement  they  are  not  so  liaUe  to 
be  injured  by  the  heat  of  the  gas. 

The  third  improvement  is  in  the  method  of  heating.  Instead 
of  the  gas  flames  impinging  directly  upon  the  bars  or  agidnst  the 
iron  cylinder  within  the  thermo-batt^,  they  now  employ  an  imitt 
cylinder  of  earthenware,  which  forms  the  centre  of  the  battei;, 
and  they  build  up  the  bars  of  metal  around  the  cylinder,  and  io 
close  contact  with  it,  each  bar  being  bedded  up  against  it  wid 
asbestos  cement.  The  flame,  therefore,  cannot  get  in  contact  Yn& 
them,  and  they  are  less  liable  to  be  injured  by  beat,  which  was 
the  chief  cause  of  difficulty  in  the  older  form  of  pile;  another  ad- 
vantage is  that  the  heat  is  more  uniformly  distributed.  Further 
improvements  have  been  made  in  the  gas  chamber,  and  also  in  the 
regulation  of  the  supply  of  air  and  of  gas.  The  supply  of  air  is 
further  regulated  by  little  covers  of  fire-clay  (consisting  of  pa- 
forated  radial  discs),  placed  on  the  top  of  the  battery. 

(222)  ]baw8  of  Tbermo-eleetriolty. — Gunot,  in  his  Traki 
de  Phi/8tque,  gives  the  following  as  the  laws  of  thermo-electric 
currents  as  stated  by  M.  Becquerel: — 

1.  In  a  thermo-electric  couple,  so  long  as  the  difference  in 
temperature  between  the  two  junctions  remains  the  same,  the  current 
is  rigorously  constant. 

2.  In  a  thermo-electric  pile,  the  intensity  of  the  current,  all 
else  being  equal,  is  proportional  to  the  number  of  couples. 

3.  The  intensity  of  thermo-electric  currents  increases  with  the 
difference  of  temperature  between  the  junctions ;  and  if  one  he  at 
zero,  this  intensity  ib  proportional,  within  the  limit  of  40°  to  45^, 
to  the  temperature  of  the  other  junction. 

In  the  third  law,  the  limit  of  45°  is  applicable  to  a  copper- 
antimony  couple,  but  it  varies  with  the  metals.    For  iron  and 
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^sopper  it  extends  as  far  as  300°,  and  much  alx)ye  that  for  iron  and 
^Mlladium. 

(223)  Absorption  and  Generation  of  Beat. — ^Peltier,  in 
1834,  discovered  the  fact  that  when  electricity  traverses  a  compound 
metallic  conductor  from  bismuth  to  antimony,  heat  is  absorhedy 
but  that  when  the  current  traverses  the  conductor  in  the  contrary 
direction,  heat  is  generated.  The  fact  is  referred  to  by  Joule  (PAe/. 
Mag.^  1S43);  AS  showing  how  it  may  be  proved  that  when  an 
electrical  current  is  produced  from  a  purely  thermal  source,  the 
quantities  of  heat  evolved  electrically  in  the  Afferent  homogeneous 
parts  of  the  circuit  are  only  compensations  for  a  loss  from 
tihe  junctions  from  the  different  metals ;  or,  that  when  the  effect 
of  the  current  is  entirely  thermal,  there  must  be  just  as  much  heat 
emitted  from  the  parts  not  affected  by  the  source  as  taken  from 
the  source. 

Peltier's  observation,  the  accuracy  of  which  had  been  denied  by 
some  experimenters,  was  confirmed  by  Tyndal  by  the  following 
ingenious  experiment  (PAt7.  Mag.^  i^S^;  p«  419) : — 

B  (Fig.  318)  is  a  curved  bar  of  bismuth,  with  each  end  of  which  a  bar  of 
antimony,  ▲  ▲,  is  brought  into  close  contact ;  in  front  of  the  two  junctures 

Fig.  3x8. 


are  chambers  hollowed  out  in  cork  and  filled  with  mercury.  A  current  is 
sent  from  the  cell  b"  in  the  direction  indicated  by  the  arrow ;  at  m  it  passes 
from  antimony  to  bismuth ;  at  m'  from  bismuth  to  antimony.  Now  if 
Peltier's  observation  be  correct,  we  ought  to  have  the  mercury  at  m  warmed, 
and  that  at  m'  cooled,  by  the  passage  of  the  current.  After  three  minutes' 
circnlation  the  voltaic  circuit  was  broken,  and  the  therrao  test  pair  a'  b' 
dipped  into  m'  ;  the  consequent  deflection  was  38°,  and  the  sense  of  the  de- 
flection proved  that  at  m'  heat  had  been  absorbed.  The  needles  were  brought 
quickly  to  rest  at  o^,  and  the  test  pair  was  dipped  into  m  ;  the  consequent 
deflection  was  60°,  and  the  sense  of  the  deflection  proved  that  at  m  heat  had 
been  generated.  The  grstem  of  bars  represented  in  the  figure  being  embedded 
»n  wood,  the  junction  at  m  was  cooled  slowly,  and  would  have  taken  a 
qoarter  of  an  hour  at  Iea«t  to  assume  the  temperature  of  the  atmoepheie. 
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The  voltaic  cnrnDt  was  ravened,  and  thrae  minnteB*  aotkn  not  only  ab- 
sorbed all  the  heat  at  ic,  bat  generated  cold  sofficiflnt  to  drive  the  needle 
through  an  arc  of  ao°  on  the  negative  side  of  aero. 

It  was  shown  by  Lens  {J^ogg.  Ann.,  tqL  zliv.  p.  341)  that  if  two 
ban  of  bismuth  and  antimony  be  soldeTed  acxoas  each  other  at 
right  angles,  and  touched  with  the  conducting  wires  of  the  battery, 
BO  that  the  current  will  have  to  pass  from  the  bismuth  to  the 
jtntimony,  a  degree  of  cold  sufficient  to  freeze  water  may  be  pro- 
duced ;  if  a  cavity  be  excavated  at  the  point  of  contact,  and  a  drop 
of  water,  previously  cooled  to  nearly  32%  be  placed  therein,  it  will 
rapidly  become  ice. 

(224)  Tbermo-OarreBts  from  Vused  Saltan — It  has  heen 
shown  by  Dr.  Andrews  (PhU,  Mag.j  vol.  z.  p.  433)  that  an  elec- 
trical current  is  always  produced  when  a  fused  salt  capable  of  con- 
ducting electricity  is  brought  into  contact  with  two  metals  st 
different  temperatures,  and  that  powerful  affinities  can  be  overcome 
by  this  current,  quite  independently  of  chemical  action.  The 
direction  of  the  current  is  not  influenced  by  the  nature  of  the  salt 
or  metal,  being  alwa3rB  from  the  hotter  metal  through  the  fitted 
salt  to  the  colder.  Its  intensity  is  greatly  superior  to  that  of  the 
common  thermo-currents,  and  is  capable  of  decompoeang  ivith 
facility  water  and  other  electrolytes.  Dr.  Andrews  succeeded  in 
decomposing  iodide  of  potassium  by  the  thermo-current  produced, 
by  bringing  two  platinum  wires  of  unequal  temperatures  into  con- 
tact with  a  small  globule  of  fused  borax.  He  found  also  that 
currents  are  produced  before  the  salt  is  actually  fused,  but  that 
their  direction  no  longer  follows  a  simple  law,  but  varies  in  a  most 
perplexing  manner,  being  first  from  the  hot  metal  to  the  cold,  then 
with  the  addition  of  heat  from  the  cold  to  the  hot,  and  again  with 
a  second  addition  of  heat  from  the  hot  to  the  cold. 
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CHAPTER  XVn. 
ELECTRIC  TELEGRAPHY. 

LAKB  AKB  ASBIAL  TBLBQBAPHB. 

Sarly  Notions — ^Tel^raphs  of  Ronalds,  S&mmering,  Schilling,  Gauss  and 
Weber,  Steinheil,  Cooke  and  Wheatstone — ^Needle  Telegraphs — ^Alamms 
— ^Batteries — Wires — Morse  Printing  Telegraph — Relays — ^Type-primt- 
ing  Telegraphs — Magnetic  Telegraphs — Acoustic  Telegraphs — Dial  Tele- 
graphs— Automatic  Telegraphy. 

(225)  Barly  Votions  of  Bleotrie  Telegrapliy* — Almost  as 
Boon  as  it  had  become  known  that  conducting  wires  had  the  power 
of  transmittbg  electricity  instantaneously  through  distances  of 
several  nules,  it  occurred  to  several  electricians  that  correspond- 
ence between  distant  places  might  be  accomplished  by  electric 
action. 

There  was  a  fabulous  story  among  the  old  authors  that  two 
needles  touched  by  the  same  magnet,  and  suspended  within  an 
alphabetic  circle,  would  move  in  unison  at  whatever  distance  they 
might  be  separated.  The  most  interesting  form  of  this  story  is 
that  related  by  Joseph  Glanvill,  M.A.,  in  his  Scepsis  Scient^a, 
published  in  1665.    He  says — 

That  men  should  confer  at  very  distant  removes  hy  an  extemporary 
intercourse  is  another  reputed  impossibility  ;  but  yet  there  are  some  hints 
in  natural  operations  that  give  us  probability  that  it  is  feasible  and  may 
be  compassed  without  unwarrantable  correspondence  with  the  people  of  the 
air.  That  a  couple  of  needles  equally  touched  by  the  same  magnet  being 
set  in  two  dyals  exactly  proportioned  to  each  other,  and  circumscribed  by 
the  letters  of  the  alphabet,  may  affect  this  magnate  hath  considerable 
authorities  to  vouch  for  it.  .  .  .  Now,  though  this  pretty  contrivance  may 
not  yet  answer  the  expectation  of  inquisitive  experiment,  yet  it  is  no 
despicable  item  that  by  some  other  such  way  of  magnetic  efficiency  it  may 
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hrroflftor  with  saccesB  be  attempted  when  magioal  hutoiy  Bhall  be  enlirg^ 
by  ri}K.*r  innpoctioiiB,  and  it  is  not  unlikely  but  that  pment  ^sooreriei 
iniKht  be  improved  to  the  perfbrmance.' 

From  the  time  that  Dr.  Watson  (35)  showed  that  the  electne 
shock  could  be  transmitted  instantaneously  through  a  dicoit  of  two 
miles  and  more  of  water  in  I747y  there  have  been  numerous  ocn- 
trivances  for  applying  frictional  electricity  to  telegraphic  commu- 
nication. 

On  February  i,  1758,  a  Scotchnum,  Charles  Marshall,  of 
l^aisloy,  then  resident  at  Renfrew,  published  in  the  Scots  Magam 
a  full  and  clear  description  of  a  practicable  electric  telegraph,  and 
sug^>sttHl  the  coating  of  his  wires  with  an  insulating  material; 
and  he  may  be  therefore  considered,  in  a  sense,  the  inventor  of  the 
teli'^otiph. 

The  iirst  direct  experiment  appears  to  have  been  made  bj 
licsago,  who,  in  the  year  1774,  established  in  Geneva  an  electne 
telegraph,  consisting  of  24  metallic  wires,  well  insulated  from  eack 
other  and  each  in  communication  with  a  lunall  pith-ball  electio- 
metcr,  which  could  be  diverged  by  an  electrical  machine,  and 
caused  to  point  to  a  letter  or  any  other  conventional  ognaL   A 
few  years  later,  in  1787,  M.  Lomond  (Tawnjfs  Traveia  m  .FWmo^ 
vol.  i.  p.  212)  suggested  the  employment  of  a  pith-baU  electro- 
motor; and  in  1794,  Reusser,  a  (German,  invented  a  telegraph  in 
which  signals  were  transmitted  by  electric  discharges  sent  throngk 
strips  of  tin-foil,  in  wliich  were  breaks  so  arranged  as  to  represent 
letters  which  became  illuminated  by  the  discharge  (as  represented 
in  Fig.  29,  p.  34).    Cavallo,  in  his  Treatise  on  Electricity,  published 
in  1795  (vol.  iii.  p.  285),  proposed  to  transmit  signals  by  the  in- 
tlannuation  of  various  combustible  or  detonating  substances  by  the 
(liscliargo   of  a   Loyden   phial;   and,  in    1787,  Betancourt  tried 
similar  exj)eriments  in  Spain,  succeeding  in  stretching  a  line  in  the 
air  over  a  space  of  twenty-seven  miles,  between  Madrid  and  Aran- 
juez.    lie  employed  a  battery  of  Leyden  jars,  and  received  signals 
by  observing  the  divergence  of  suspended  pith-balls. 

(226)  Ronalds*  Blectrio  Teleffrapb.  — This  was  invented  in 
1 816,  and  fully  described  by  the  inventor  in  1823. 

A  circular  brass  plate  (Fig.  319),  divided  into  20  equal  parts,  was  fixed 
upon  the  seconds  arbor  of  a  clock  which  beat  dead  seconds.  Each  divisiun 
was  marked  by  a  figure,  a  letter,  and  a  preparatorj'  sign.  The  figures  were 
divided  into  two  series,  from  i  to  10,  and  the  letters  were  arranged  alpha- 
betically, leaving   out  J,  Q,  W,  X,  Z. 

Before  and  over  this  disc  was  fixed  another  plate,  capable  of  being  occa* 
sionally  moved  by  the  hand  round  its  centre,  which  had  an  aperture  of  such 
dimensions,  that  whilst  the  disc  was  carried  round  by  the  motion  of  the 
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dock,  only  one  of  the  letters,  &c.,  could  be  seen  through  the  aperture  at  the 
same  time  :  for  instance,  the  figure  9,  the  letter  V,  and  the  sign  *  Ready, 
are  now  visible  through  the  aperture  in  Fig.  319.  In  front  of  this  pair  of 
plates  was  suspended  a  pith-ball 

electrometer  from  a  wire  c  which  Fig.  319. 

was  insulated  and  communicated 
with  a  cylindric  electrical  machine 
of  only  6  inches  in  diameter,  and 
with  a  wire  525  feet  long,  which 
was  insulated  in  glass  tubes,  sur- 
rounded by  a  wooden  trough  filled 
with  pitch,  and  buried  in  a  trench 
4  feet  deep  in  the  ground. 

Another  similar  electrometer 
was  suspended  in  the  same  manner 
before  another  clock  similarly  fur- 
nished with  the  same  kind  of  plates 
and  electrical  machine.  Thjs 
second  clock  and  machine  were 
situated  at  the  other  end  of  the 
buried  wire,  and  the  clock  was 
adjusted  to  go  as  nearly  as  possible 
synchronously  with  the  first. 
Hence  it  is  evident  that,  when  the 

wire  was  charged  by  the  machine  at  either  end,  the  electrometers  at  both 
ends  diverged.  When  it  was  discharged  suddenly  at  either  station,  they 
both  collapsed  at  the  same  instant ;  and  when  it  was  discharged  at  the 
moment  when  a  given  letter,  figure,  or  sign  on  the  lower  plate  of  one  clock 
appeared  through  the  aperture,  the  same  figure,  letter,  or  sign  appeared 
also  in  view  at  the  other  clock  ;  and  thus  by  such  discharges  of  the  wire 
at  one  station,  and  by  noting  down  the  letters,  figures,  or  signs  in  view  at 
the  other,  any  required  words  could  be  spelt  and  the  figure  transmitted. 

Such  are  the  leading  principles  of  this  invention,  which  is  cha- 
racterised by  great  ingenuity.  It  does  not  appear,  however,  that 
Ronalds  ever  tried  to  work  his  telegraph  at  greater  distances  than 
525  feet.  On  communicating  his  invention  to  the  Admiralty,  he 
was  informed  '  that  tdegrapha  of  any  hind  were  then  wholly  v/ane' 
cessaiyy  and  that  no  other  than  the  one  in  vse  would  he  adopted  ^  (see 
his  pamphlet,  p.  24). 

One  of  the  most  interesting  points  in  connection  with  Ronalds' 
invention  was  his  early  knowledge  of  'static  induction/  which 
even  at  that  period  he  recognised  as  an  adverse  element  in  the 
question  of  rapidity  of  communication.    He  says — 

*  Tet  I  do  not  contend,  nor  even  admit,  that  an  instantaneous  discharge 
through  a  wire  of  unlimited  extent  would  occur  in  all  cases.' 

And  recurring  to  the  subject  further  on  he  says — 

*  That  objection  which  has  seemed  to  most  of  those  with  whom  I  have 
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convened  on  the  mbject  the  least  olivioiu,  Appeui  tome  the  moitiBipoitiifti  ll 
and  therefora  I  begin  with  it,  vii.  the  proUhiUty  tiut  the  dedrieal  is-  Ib 
daction  which  woiUd  take  place  in  a  wire  endoaed  in  glaaa  tabea of  muj  |i 
miles  in  length  (the  wire  acting  like  the  interior  costing  of  a  batteiy) 
might  amount  to  the  retention  of  a  chaige,  or  at  least  might  destraythe 
suddenness  of  the  discharge,  or,  in  other  words,  might  arrive  at  waA  • 
degree  as  to  retain  the  charge  with  more  or  less  Ibroe  even  when  the  win 
is  brought  into  contact  with  the  earth.' 

(227)  MlmmMiiiff**  Bleetro-KAieiBieal    TelecraiM^— b 
this  in vention,  described  in  1812,  an  attempt  was  made  to  oom? 
municate  signals  by  the  decomposition  of  water  by  the  voltaic  pile. 
^Vitb  this  view,  35  gold  pins  were  passed  throngli  the  bottom  d 
a  glass  vessel  containing  acidulated  water,  each  pin  correspond 
to  one  of  the  letters  of  the  alphabet,  or  to  one  of  the  ten  numenla. 
Each  pin  was  connected  by  an  insulated  copper  wire  of  any  required 
length,  to  one  of  35  plates  fixed  transversely  on  a  wooden  bar,  and 
through  the  front  of  each  of  the  plates  there  was  a  smaU  hole  ki 
the  reception  of  two  brass  pins,  one  of  which  was  connected  witii 
the  positive,  and  the  other  with  the  negative  pole  of  a  voltaic  pik. 
Each  of  the  35  plates  was  arranged  to  correspond  with  one  of  the 
35  gold  pins  in  the  glass  reservoir,  and  was  lettered  aooordinglj. 
When  thus  arranged,  the  two  pins  from  the  pile  were  to  be'  held 
one  in  each  hand,  and  the  two  pQates  beiDg  selected,  the  pins  were 
to  be  put  into  their  holes,  and  the  communication  thus  eetaUished. 
The  gas  evolved  at  the  two  distant  corresponding  points  at  the  same 
instant,  could  be  made  to  indicate  every  letter  and  numeral  in 
accordance  with  certain  rules.      By  varying  the  amount  of  gas 
given  ofT  at  a  given  time,  and  by  varying  also  the  periods  of  time, 
the  number  of  wires  might  be  reduced  from  35  to  2,  and  the  con- 
struction of  the  telegraph  thus    much  simplified.      Schweigger 
proposed  to  diminish  the  number  of  signals  by  employing  two 
piles,  one  considerably  stronger  than  the  other,  sometimes  udng 
one,  sometimes  the  other,  and  at  other  times  both  combined. 

A  proposition  to  employ  the  voltaic  pile  to  indicate  signals  was 
also  made  in  18 10,  by  Ooxe,  of  Philadelphia  (Thomson's  Anndt  cf 
Philosophy).  He  gives  two  methods — one  by  the  decomposition  of 
water,  and  the  other  by  that  of  metallic  salts. 

(228)  Slectro-magnetio  and  Magneto-electric  Tele- 
grraplia  of  BobiUlnff,  Oansa  and  ^7'eber. — Shortly  after  the 
discovery  of  electro-magnetism  by  Oersted,  in  1819  (147),  Ampdre 
pointed  out  to  the  Royal  Academy  of  Sciences  of  Paris  the  possi- 
bility of  constructing  an  electric  telegraph  with  magnetic  needles, 
surrounded  by  coils  of  wire ;  and  in  1832  Baron  Schilling  exhibited 
before  the  Emperor  Alexander  of  Russia  an  electric  telegraph,  con- 
structed of  a  certain  nimiber  of  platinum  wires  insulated  and  bound 
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together  with  a  silk  cord,  which  set  in  motion,  hy  means  of  a  key 
eonnected  with  a  voltaic  pile,  five  magnetic  needles  placed  vertically 
in  the  centre  of  a  coil.  The  motion  of  one  of  these  needles  at  the 
eommencement  of  the  signalling  caused  a  leaden  weight  to  &11; 
the  concussion  of  which  set  in  action  a  dock  alarum. 

Gauss  and  Weber,  in  1835,  employed  the  magneto-electric 
machine  to  ^ve  motion  to  the  magnetic  needle,  which  was  en- 
dosed  in  a  coil  composed  of  3,000  feet  of  wire.  By  means  of  a 
commutator,  the  needle  could  be  deflected  in  either  direction 
and  its  movements  were  observed  with  the  aid  of  a  lens.  This 
telegraph  was  actually  worked  at  a  distance  of  one  mile  and  a 
quarter. 

Pig.  32a 


i?==.r 


-* 


(229)  Btelnliell's  Bonndlngr  Magneto- electric  Teleira'Pli* 

— ^This  instrument,  which  was  at  work  in  July  1837,  was  fully 
described  by  its  author  in  a  communication  to  the  Academy  of 
Sdences,  September  10,  1838.  It  was  a  printing  and  sounding 
telegraph,  and  was  worked,  like  that  of  Gauss  and  Weber,  by  the 
ma^ieto-dectric  machine ;  only  one  wire  was  employed,  the  eetrth 
being  used  to  complete  the  circuit.  To  communicate  signals  by 
sound,  Steinheil  used  two  bells  of  different  tones,  either  of  which 
could  be  struck  at  pleasure  by  the  needles ;  and  to  make  a  perma- 
nent record  of  a  signal,  dots  were  made  on  paper  moved  by 
machineiy  in  front  of  the  needles,  each  of  which  was  furnished  wiUi 
a  little^  tube  containing  ink. 

This  telegraph  was  worked  through  12  miles,  and  with  8 
stations  in  ike  circuit;  its  invention  was  a  great  step  in  the 
advancement  of  electric  telegraphing,  since  it  established  the  fact  of 
the  suffidency  of  the  earth  to  complete  the  circuit. 

(250)  Ckioke  and  UTtaeatatone's  Five-Veedle  Tele^rapn. 
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— Tbia  iiutnimeiit,  the  p&tant  forwhieh  wu  naled  JmiB  I3,il]r, 
ia  shown  in  Fi{;.  331,  And  wu  thus  deooiihed  h;  Whectartoiie  ii 
Ilia  eumination  lefora  the  PulumaatArr  Oommittea  on  Bnt 

'  Upon  ■  dill  anunngedSnugnallcDeedlMmaTEillalporitiaiiB 
Ii-tlen  or  Uk  alphabet  an  rauk«d  upon  the  face  of  ths  dial,  and  On  mJNi 
p.  lettsnue  Indicated  bjtbt 

mutual  eonTcrgoiM  i( 
two  needla  whem  tb^  at 
caused  to  move.  Tbm 
nugnetie  needla  ue  uM 
upon  by  electrical  cnimti 
paMing  UkroDgh  coili  <t 
wire  placad  immediildv 
behind  tbem.  Each  oftlie 
coila  forma  a  portioii  of  ■ 


with  an  apparatiu  whirl  1 
majr  be  called  a  comanB  I 
catOT,  bccanae  bj  DMmKf  1 
It  the  eignala  an  oonHDi-  ] 
nioatad.  It  coniiiti  of  i 
longitndliul  and  a  tnB- 
Tcne   metallic  ban  tlitd 


polea  ot  a  voltaic  bittav, 
and.  in  ths  ordinal;  coa- 
ditioD  of  the  in«tninMO>T 
have  no  metallic  commmu- 
uaiion  with  tb«  lonKitudina]  bare,  which  are  each  ioimediatelj  connected  iritti 
a  difierenl  wire  of  the  line ;  on  each  of  theae  tongitadiaal  bars  a  stops  aie  placfd. 
forming  together  3  parallol  rows.  When  a  stop  of  the  upper  row  U  prtaMd 
down,  (he  bar  upon  which  it  ia  placed  tbrms  mstallic  commnnlcaticni  iriik 
the  tTiusvcTsc  bar  below  il,  which  ia  connected  with  one  of  the  pole)  of  th 
batter;  ;  and  when  one  uf  the  stops  of  the  lower  row  ia  (oached,  another  4 
the  loDtptudinal  bara  forms  a  metallic  commaDication  with  the  other  pdc  of 
[he  voltaic  battery  ;  and  the  current  flows  through  the  two  wirea  connedod 
^'ith  tho  longitudinal  bars  to  whatever  distance  they  may  be  extended, 
pas^g  up  one  and  daws  tbe  other,  provided  they  be  connected  together  it 
their  opposite  extremities,  and  affecting  magnetic  ueedlee  placed  beftore  the 
eoila  which  are  interposed  in  the  circuit.' 

Id  b  patent  token  out  shortly  afterwards,  tbe  matrument  had 
four  needles  with  _^ve  ■wires.  The  improTamsnt  was  tiiat  eath 
needle,  by  its  left  and  right  movements,  indicated  two  letters,  whilst 


COOKB  Ain>  irHXATaroNi's  tblkohaph.         413 

combinatioc  with  one  of  the  refflfttning  needles  it  indicated 
■ther  letter.  The  itmuigemBnt  of  the  lattera  wm  differeat. 
e  numlwr  of  aeedleB  vas  afterwards  reduced  to  two,  and  finall; 

(231)  Cooks  and  irbaatstoiia's  aiDvle-WeaaiB  Teletnqib. 

riiis  instrument,  wHcb  -was  patented  Ma;  6,  i34;,  is  shown  in 
gB.  322  and  323.  It  is  eesentdall;  compowd  of  a  single  mullj- 
er,  with  an  indicator  fixed  Terticall;  on  a  borizantal  axis,  and 


moriiig  m  front  of  a  dial-plate.  This  indicator  may  be  mtber  a 
light  strip  of  wood  or  a  magnetic  needle ;  if  the  latter,  ita  polee 
uiDstheinaiieTerBed  portion  to  those  of  the  needle  in  the  bohUn. 
When  the  voltaic  current  is  sent  through  the  coU,  the  needle  is 
deflected  to  the  right  or  to  the  left,  according  to  the  diiwction  in 
which  the  current  passes.  The  alphabet  is  situated  both  on  the 
right-  and  the  left-hand  side  of  the  needle ;  some  lelten  leqaire 
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four  moTementfl  of  the  needle,  bat  the  last  motaon  wluch  comphtai 
the  indication  of  a  letter  situated  on  the  light-hand  side  is  ahi^i 
a  movement  to  the  right ;  in  like  manner,  the  last  motikm  nUel 
completes  the  indication  of  a  letter  on  the  left  mde  is  ahn^i  1 
movement  to  the  left.  For  example,  the  letter  W  is  indicated  I7 
four  motions  of  the  needle,  three  to  the  left  and  one  to  the  liglit; 
the  letter  L  also  is  indicated  by  four  motionsi  to  the  right  inl 
then  to  the  left,  then  again  to  the  right,  and  finally  to  the  kft. 

The  code  of  signals  formerly  used  with  the  single-needle  tele- 
graph is  shovm  by  the  following  diagram ;  and,  bearing  in  md 
that  the  deflections  of  the  symbols  for  each  letter  commence  in  tin 
direction  of  the  short  marks  and  end  vnth  the  long  ones,  it  will  Im 
seen  that  the  deflections  of  a  single  needle  may  be  made  to  denote 
all  the  letters  of  the  alphabet: — 

ns*3«4- 
-fABC  MNOP 

\  w  ^  m  i   /  //   /////// 

D      E         F        /\  R       S       T 

v  \v  \^   M    y  y/  y// 

CHI         (*)         U       V       W 

V  \v  ^     /    y  y/  y 

Q       *^       L  1/  X       V       X 

yr  \  "^^^    '     //  y^  "^ 

The  numerals  are  inscribed  on  the  dial  underneath  the  needle, 
and  are  indicated  by  the  movements  of  its  lower  ^»«lf  For 
example,  the  figure  4  is  designated  by  the  motion  of  the  lower 
extremity,  once  to  the  right  and  once  to  the  left ;  the  figure  9  by  • 
movement  once  to  the  left  and  once  to  the  right,  and  so  on. 

The  alphabet  for  the  single  needle  has  latterly  been  changed, 
and  it  is  now  assimilated  to  the  Morse  code. 

The  internal  mechanism  of  the  telegraph  is  exhibited  in  Rg. 
325.  A  is  the  bobbin,  in  the  interior  of  which  is  placed  either* 
single  magnetic  needle  in  the  form  of  a  rhomboid  i  Jth  inch  longbf 
Jths  of  an  inch  broad,  or,  which  Walker  suggested,  several  hi^y 
magnetised  short  needles  firmly  secured  on  either  or  both  sides  nf 
a  very  thin  ivory  disc.  The  exterior  or  index  needle  is  about  three 
inches  long.  The  frame  of  the  coil  is  made  of  copper,  wood,  or 
ivory ;  it  is  screwed  to  a  plate  of  varnished  copper  against  the  side 
of  the  telegraph  case.    The  copper  wire  surrounding  the  bobbin  a 
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^tii  of  BD  inch  in  diamet«T,  and  is  well  coveied  with  oot- 

d  of  the  wire  &om  the  right-hand  bobbin  is  in 


i  metaUic  strap  is 


iridi  the  Bcrew  s,  which  b;  a 
i  with  the  screw  a', 
m  tha  base  of  the  ap- 

the  other  end  of  the 
the  left-hand  bobbin 
ntact  with  another 
.  snpported  b;  a  stfip 
which  is  fixed  to  the 
1  from  tbishrsee  plate 
ws  an  upright  alifr  I 
ing  d,  which  presses    . 

Sigaiost  a  point  st- 

0  an  insulated  brass 
Bwed  against  the  side 
Bse;  on  the  opposite 

Uiia  rod  ia  another 
unat  which  a  second 
j1  spring  if  pieseee ; 
ng  ia  attaclied  to  a 
ite'  X,  temunatsd  by  a  _ 
wrew  1^ ;  s'  therefore  " 
n«w  terminal  of  the 
n  the  le^band  coil. 

1  B*  be  now  connected  by  a  wire  w,  the  current  will  flow 
:hroHgh  a  into  tlie  right^'hand  coil,  out  from  the  left-hand 
,  thence  through  dr  if  to  B,  and  from  the  terminal  acrew  x' 
e  wire  carcoit  bach  to  e' ;  and  if  the  wire  from  a'  pro- 
a  line  of  milwaf ,  and  the  wire  from  s*  down  the  line,  the 
ung  complete  throughout,  the  needle  in  the  bobbin  a  will 
ted  by  a  current  proceeding  from  anj  station  on  the  line, 

signals  will  be  communieatBd. 

07  contact  is  brotoi,  and  tha  direetdon  of  the  current  re- 
7  the  action  of  the  springs  d  d^,m  the  following  manner ; 
L  boxwood  dnuD  movable  by  a  handle  seen  at  e,  in  the 
the  base  of  Ilg.  332.  Bound  either  end  of  this  drum  are 
I  bass  caps  c  and  c ;  the  caps  do  not  touch  each  other,  a 
izwood  being  between  lliem.  Into  these  cape  are  screwed 
.  projecting  pieces  0'  z',  which  become  the  poles  of  tiie 
tf  being  connected  willi  the  idne  end  and  </  with  the 
id;  a  wire  0  ^m  the  copper  end  of  the  battery  conveya 
mt  tf  &,  and  a  wire  from  the  xinc  end  along  s,  to  «  atesl 
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aprinir  wluch  toacIiM  «,  tlia  oontuniBtioa  of  the  ■  end  of  tblm- 
wood  cjlioder. 

Now  on  moving  the  drom  hj  tbe  luodle  h  (f!g,  331),  At 
pteel  apring  d  will  he  rused  from  its  ooRMpouding  point  en  r; 
the  citcuit  will  tbiu  become  brokm,  knd  b;  contdnniiig  tbe  maSat 
iif  tlie  drum,  tha  wira  0  will  come  into  contact  with  tbe  ifmf 
below  it,  and  thus  there  will  be  a  iMtteiy  pole  at  oithar  ami  dSm 
drum,  and  signals  will  tbna  be  nude  on  tbe  dial,  and  on  ill  tte 
inatrumentB  connected  witii  it.  Tbe  counectioiu  on  made  in  kA 
a  maaner,  that  when  tbe  handle  ia  turned  to  tbe  right  tha  ncedb 
luovea  to  tbe  right  Tbe  exterior  or  indicating  needle  ie  ftl«qi 
placed  witbitaHpoletipimirA;  that  witbin  tha  coil  with  itenpide 
derniwurdi;  to  that,  in  accordance  with  Oeisted'a  foDdameiitil  Ii> 
(147),  looking  at  the  hee  of  tbe  inetrument,  if  we  aee  tha  upper 


r«,j* 


part  of  the  needle  morii^  towards  the  right,  the  spectator  may  be 
cure  that  tbe  ciurent  ia  ascending  in  that  half  of  tbe  wire  which  ii 
neatest  to  him. 

The  sbgle-needle  instrument  at  pteeent  in  use  in  tbe  Poat 
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ffice  has,  instead  of  a  bBndle,  as  in  the  figure  on  p.  413,  two 
ajB  or  p«(laU,  reeembling  in  shape  the  keji  of  a  piano,  and  which 
re  tenned  the  right  and  the  left  iej ;  the  fbrmer  b  depreeaed  to 
udce  the  upper  point  of  the  needle  incline  to  the  rigpbt,  and  the 
itter  (or  left  key)  ia  depressed  bo  produce  a  moTement  of  the 
Wdle  in  the  oppodte  direction.    As  hoth  hands  are  emplojed  in 


he  inanipalatiou  of  the  pedals,  a  measBge  can  be  sent  at  greater 
peed  hj  thin  description  of  instrument  than  hj  that  represented 
n  the  other  figure  (33a).  A  eimilar  instrument,  but  with  a  drop 
landle  like  one  of  those  shown  in  Fig.  377,  is  largely  used  by 
ailwaj  companies  in  England. 
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(232)  Cooke  and  HTheatstone's  Sovble-Veedle  Telefnpbi 

— This  instrument;  which  was  in  general  nae  for  railway  service  in 
this  country,  is  merely  a  combination  of  two  single-needle  instro- 
mcnts ;  it  is  represented  in  Fig.  327.  On  tlie  top  of  the  case  is  tbe 
alarum  A,  which  is  worked  by  the  handle  B.  H  H^  are  the  handles 
by  which  the  two  needles  are  manipulated.  The  internal  mechasisin 
is  precisely  similar  to  that  of  the  single-needle  apparatus.  T06 
alphabet  used  will  be  understood  from  Fig.  328^  which  represents 


the  face  of  the  instrument  with  its  two  needles.  The  letters  of  the 
alphabet  are  ranged  from  left  to  right,  as  in  the  ordinary  mode  d 
writing,  in  several  lines  above  and  below  the  points  of  the  needles, 
the  first  series,  from  A  to  P,  being  above,  and  the  second  series, 
from  R  to  Y,  below. 

Tlio  siprn  +  indicating  the  termination  of  a  word  is  deagnated 
by  a  single  movement  of  the  left  needle  towards  the  left ;  the  same 
sif^nal  is  given  when  the  receiver  does  not  understand  his  corre- 
spondent "s  message.  The  signalling  of  the  letter  E  signifies  that 
ho  does  understand.  The  double-needle  instrument  involves  the 
employment  of  two  wires ;  and  though  it  is  certainly  quicker  in 
action  tlian  the  Hingle-ueedle,  it  is  not  so  superior  to  it  as  to  justify 
the  use  of  two  wires.  Hence  it  is  gradually  being  replaced  by  the 
single-needle,  and  in  a  very  short  time  scarcely  any  will  remain  in 
use  except  as  curiosities.  It  has  not  been  introduced  into  any 
other  country  besides  England. 

(233)  Alarums. — I.  Worked  by  Clockwork, — An  instrument 
of  this  kind  is  shown  in  Fig.  329. 

A  is  an  electro-ma|j:nct ;  n  an  armature  of  soft  iron,  which  is  attracted  by 
A,  and  retained  as  lon^  as  the  voltaic  current  circulates  round  the  bobbin. 
Thi8  armature  is  prevented  from  coming  into  actual  contact  with  the  pole  of 
the  electro-magnet  by  means  of  two  little  copper  studs,  tipped  with  ivoiy, 
inserted  in  its  face  ;  this  is  necessary,  because,  as  soft  iron  does  not  lose  the 
whole  of  its  magnetism  when  the  battery  circuit  is  broken,  permaneDt 
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Fig.  329. 


idhesion  would  otherwise  ensue.    The  armature  is  mounted  on  the  short 

inn  of  a  lever  c,  carrying  at  the  other  end  of  the  arm  a  short  projecting  piece 

K»  which,  catching  in  a  stop  in  the 

drcomference  of  the  wheel  d,  prevents 

it  from  moving.     The  armature  is 

brought  back  to  its  normal  position 

irhen  the  attraction  ceases,  by  the 

ttnaU  spring/^  which  presses  against 

the  long  arm  of  the  lever.    Of  the 

clockwork  contained  in  the  barrel,  only 

khe  principal  pieces  are  shown  in  the 

Sgure ;  the  cogwheel  b  is  connected 

by  a  pinion  with  the  c(^wheel  a,  which 

works  t,  and  this  again  gives  motion 

to  df  which  carries  the  stops.    The 

anchor  escapement  g  works  on   the 

wheel  t,  and  on  the  axis  of  the  same 

#heel    is  placed    the  double-headed 

hammer  h. 

On  completing  the  battery  circuit, 
the  armature  b  is  attracted  by  thu 
electro-magnet,  the  long  arm  of  the 
lever  c  moves  to  the  left,  and  the 
wheel  d  being  then  set  at  liberty,  the 
mainspring  in  the  barrel,  which  is 
kept  constantly  wound  up,  sets  it  in 
motion,  and  the  hammer  is  instantly 
put  into  rapid  vibration,  striking  al- 
ternately the  opposite  sides  of  the  bell  d  ;  the  ringing  is  kept  up  as  long  as 
the  circuit  is  dosed,  but  the  moment  it  is  broken,  the  armature  is  detached 
by  the  springy;  and  the  catch  is  again  pressed  into  its  place  by  the  wheel  d. 
It  is  not  the  voltaic  current  that  rings  the  bell,  but  the  mainspring  in  the 
barrel ;  all  that  electricity  does  is  to  disengage  the  catch  ;  and  there  is  no 
greater  difficulty,  therefore,  in  ringing  a  large  bell  than  a  small  one. 


2.  Worked  hy  the  Direct  Action  of  the  Voltaic  Current. — An 
instrument  of  tiiis  kind  is  shown  in  Fig.  330.  Its  action  is  very 
simple.  The  armature  l  of  the  electro-magnet  is  a  hollow  cylinder 
fixed  on  a  steel  spring  d^  and  furnished  with  a  hammer  m,  which 
strikes  the  bell  x ;  a  spring  r,  communicating  with  the  earth  by 
the  binding-screw  e,  touches  L  when  it  is  in  a  state  of  rest.  A 
current  from  the  line  wire  passes  from  a  to  b,  traverses  the  coil  of 
the  electro-magnet;  the  spring  d^  the  armature  l,  the  spring  r,  and 
80  to  the  earth ;  but,  during  its  passage,  l  is  attracted  to  the  electro- 
magnet, the  contact  with  r  is  broken, and  the. current  ceases;  L 
then  fietlls  back  into  contact  with  r,  and  the  operation  is  repeated. 
In  this  manner  a  succession  of  blows  are  struck  on  the  bell  by  the 
haminer  X.    There  are  many  other  forms  of  electrical  bells,  differing 
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in  coutniGtioD,  but  thej  m  all  foondad  od  th»  ome  deebia 
priiid|>l«t.  I 

f  ^  \       H 


A  Cdnsiderabla  force  of  cuireat  is  required  to  work  an  •! 
of  this  description,  and  m  long  lines  a  riay  magnet  isemplojsdii 


connection  with  it.     This  arrangement  will  lae  understood  from  si 
inspection  of  Fig.  331. 
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The  current  from  the  distant  station  passes  from  L  through  the 
Ls  of  the  electro-magnet;  and  so  to  the  earth  at  t  ;  the  armature 
3  attracted,  and  the  contact  is  made  which  puts  in  action  the 
al  battery ;  but  at  the  same  instant  the  button  i  is  released,  and 
rts  up  under  the  influence  of  the  spiral  spring  r,  and  thus  leayes 
lermanent  record  of  the  bell  having  been  rung.  This  system  is 
)d  when  many  wires  from  distant  stations  arrive  at  the  same 
Ice ;  each  wire  has  its  relay,  and  there  is  but  one  alarum-bell ; 
)  relays  are  all  arranged  in  a  box  having  holes  in  the  lid  corre- 
mding  with  the  buttons ;  these  start  up  into  view  when  a  current 
culates  through  the  electro-magnet  coils,  and  designate  the  par- 
lular  stations  which  wish  to  communicate. 

(234)  Hallway  Blirnal  Znstrnments. — On  the  South-Eastem 
dlway,  on  which  the  alanmi  or  '  Train  Signal  BeU^  has  been  used 
ice  December  1851,  there  are  at  the  present  time  about  822  in- 
tunents  in  daily  and  constant  use  for  the  sole  purpose  of  signalling 
dns  on  the  355  miles  of  which  that  railway  consists.  There  are 
K)  144  double-needle  and  single-needle  speaking  instruments.  In 
excellent  article  on  '  Train-Signalling  in  Theory  and  Practice,' 
Mr.  Gharles  Y.  Walker,  F.R.S.,  Telegraphic  Engineer  to  the 
utfarEastem  Railway  Company,  the  laws  of  train-signalling  are 
OS  illustrated  {Papular  Science  Iteview,  April  1865)  : — 

'Taking  the  simple  case  of  a  railway  like  the  Ramsgate-Maigate,  for 
tanoe,  having  two  pairs  of  rails,  an  up  line  and  a  down  line,  with  a  signal- 
Uoa  at  each,  bat  no  intermediate  station ;  the  fundamental  law  is,  two 
ins  or  engines  are  not  to  be  allowed  to  run  on  the  same  line  between  two  signal- 
turns  at  the  same  time.  In  order  to  carry  out  this  important  regulation, 
on  which  the  security  of  those  that  travel  so  largely  depends,  every  train 
engine  must  be  signalled  out  to  the  next  station  before  it  leaves  or  passes 
tation,  so  that,  when  the  business  of  the  day,  for  instance,  commences, 
tion  B  knows  that  train  No.  i  is  asking  permission  to  come  to  him  from 
tion  A ;  and,  to  prevent  all  misunderstanding,  the  train  or  engine  must 
t  be  started  or  allowed  to  pass  until  the  next  station  has  taken  the  out 
ued.  It  is  not  enough  for  the  first  station  to  give  the  signal,  the  other 
tion  must  take  it,  for  no  signal  given  by  one  station  is  complete  until 
cen  by  the  other  station  repeating  it,  by  which  process  a  clear  understand- 
^  is  established  between  the  two  signallers,  and  the  precise  signal  sent  by 
e  18  received  by  the  other. 

*  The  next  rule  is, — Every  tram  or  engine  that  arrives  at,  or  passes  a  station^ 
to  he  imm^Uatelg  signcUled  back  in  to  the  last  station  ;  and  it  follows,  from 
iat  has  been  already  stated,  that  no  second  train  or  engine  is  to  be  allowed 
fallow  until  the  ts  or  arrival  signal  of  the  previous  train  has  been  taken 
that  is  to  say,  has  been  repeated  back  blow  for  blow.* 

In  each  ngnal-box  a  battery  with  the  proper  number  of  cells 
tnounted,  a  beU  is  set  up,  and  a  ringing  key,  mostly  detached  from. 
8  bell  for  conyenience  of  access,  is  firmly  fijted,  and  one  telegraph 
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vc'iK  is  extendAd  froio  station  to  stfttioiL  Tbs 
requind  to  look  after  the  appantos,  wMeh  ia  ao  Mmple  ttat  it 
almost  takea  can  of  iteelf.  AU  thej  have  to  do  ia  to  nuke  and 
vnliT  the  viynBlB.  In  the  caae  of  an  iDtormediata  Btatim,  a  pur  rf 
bella  uf  dilferent  tones  are  prorided.  Thej  are  plaead  on  a&a 
Ndo  of  the  box,  each  being  at  the  ude  nectTset  the  station  wilk 
which  )t  isio  communication.  The  mgnalman,  l^thewMnrfof  tlu 
btfU,bv  the  direction  bota  which  the  sound  comes,  and  bj  tha 
number  of  blows  heard,  knows  on  the  instant  whether  it  ii  * 
train  Giiming  -,  or  one  gone  and  safe  in ;  and  if  hieh  tiun. 

(23S)  Mlaotre-ouvBatlo  aamapbona. — Whenithetniiiaip 
and  duwn  a  railway  are  manj  in  smnber,  it  ia  fonnd  iinj.miTjIn 
comluDe  A  Tiable  with  u 
audible  Bignsl,  the  ferns 
showing  at  a  glance  dw 
actoal  stst«  of  the  line,  U 
whether  or  not  the  UnHn 
^^^^^         ^^^^^K        cither    direction    t      "" 

f         I  \     ^^^^^1         ment    bj     which    rinble 

m  X.  \    ^^^^^1         mgna  are  indicsted  iaciM 

a  '  semaphore '  (see  Tf- 
332).  On  the  Charily 
Cross  Bailway  the  eleetn- 
magnetic  semaphores  ue 
miniature  reBemblancss  A 
those  used  on  the  duIwst; 
thej  are  provided  with  1 
red  arm  on  the  left  «Ae, 
and  a  white  arm  on  the 
right  ride,  each  capable  of 
bebg  moved  bj  the  electric 
ruut.  They  are  placed  in  the  right- and  left-hand  comers  of  the 
sif.iinl-box,  and  the  regulations  for  working  them  are  such  thai  the 
arms  at  all  times  iudicste  the  state  of  the  line. 

Looking  towardt  a,  semaphore,  whether  actual  or  electro-mil^ 
ni'lic,  the  red  and  left  arm  has  reference  to  trains  receding;  the 
wliite  and  right  arm  to  trwna  approaching.  'NV  hen  an  arm  is  np, 
it  iudicates  that  a  trcdu  is  on  the  line,  and  when  down,  that  a  tiain 
is  not  on  the  lino.  The  principle  upon  which  the  electro-magnetic 
semaphores  are  connected  up  and  arranged  on  the  Charing  CroK 
Railway  is,  that  '  each  station  can  put  up  or  down  the  white  sna 
only  at  his  own  stHlion,  and  the  red  arm  only  at  the  other  station." 
No  signalman  has  power  to  alter  the  position  of  bis  own  red  aim ;  it 
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18  put  up  behind  a  train  by  the  next  station,  and  put  down  when 
the  train  is  in  at  that  station. 

The  motions  of  the  arms  of  the  electro-magnetic  telegraph  sema- 
phore are  produced  in  a  very  simple  manner.  A  couple  of  bar 
jiiagnets  are  so  mounted  in  a  movable  system  in  relation  to  the 
two  poles  of  an  electro-magnet  that  the  action  of  the  latter  on  the 
fbur  poles  of  the  magnet  is  combined  to  produce  motion  in  one 
direction  with  one  current  of  electricity,  and  in  the  reverse  direc- 
tion  with  the  reverse  current,  and  these  motions  are  transferred  to 
the  arms  of  the  semaphore. 

(236)  Preeoe'0  Blook-Siirnal  Instmnieiits. — The  first 
practical  application  of  the  semaphore  signal  to  electric  signalling 
apparatus  was  due  to  Mr.  W.  H.  Preece  who  is  the  inventor  of 
two  systems  of  signal  instruments,  viz.  a  three-wire  and  S  single- 
"wire  system.  The  peculiarity  of  these  instruments,  used  for  the 
special  purpose  of  ognalling  trains,  is  their  perfect  assimilation  in 
appearance  and  in  manner  of  working  to  the  outdoor  signals  with 
-which  the  men  are  so  well  acquainted.  In  the  three-wire  system 
one  wire  is  used  for  dawn  traffic,  the  second  wire  for  the  up  traffic, 
whilst  the  third  is  devoted  to  the  calling  apparatus  in  connection 
with  a  bell.  The  apparatus  in  the  three-wire  system  comprises 
at  each  end  a  set  consisting  of  a  semaphore  (the  block  signal),  the 
switch  or  key  which  actuates  it,  the  bell,  and  the  bell-key. 

Figs.  333  and  334  show  the  electrical  connections  and  the  internal 
arrangements  of  the  several  parts  of  the  apparatus  representing  the 
instruments  to  be  used,  at  one  end  of  a  section  of  the  line,  for  regu- 
lating both  the  up  and  down  traffic.  In  Fig.  334  will  be  seen  the 
internal  arrangement  of  the  various  parts  of  the  apparatus. 

*  A  pair  of  electro-magnets  h,  a  rocking  lever  d  w,  connected  at  one  end 
by  a  wire  rod  b  to  the  indicating  arm,  and  at  the  other  to  the  armature  in 
front  of  the  cores  of  the  electro-magnet.  This  lever  is  pivoted  at  e,  and  is 
so  weighted  by  the  movable  weight  w  that  it  shall  normally — that  is, 
when  not  otherwise  influenced  by  a  passing  current — rest  on  the  cock  f,  in 
which  position  the  arm  stands  at  Danger,  On  passing  a  current  through 
the  coils,  the  armature  is  attracted,  and  the  lever  d  w  raised,  carrying  with 
it  the  rod  b,  which  lowers  the  arm  to  the  AU  clear  position.  It  will  thus 
be  seen  that  whilst  the  instrument  is  at  rest,  or  in  its  normal  condition,  the 
arm  is  at  Danger  and  the  rocking  lever  in  contact  with  the  lower  stud  f, 
and  that  when  a  current  is  passing  the  arm  is  lowered  and  the  lever  in  con- 
tact with  the  stud  o.  The  details  of  the  bell  are  shown  also  in  Fig.  334.  k  is 
an  eledaro-magnet,  m  the  armature,  with  rod  o  carrying  the  beU-hammer  at 
its  extremity ;  l  is  a  magnetised  needle  fixed  upon  the  spindle  n,  to  the 
other  extremify  of  which  is  attached  a  shield  carrying  the  words  Off'  and 
On,  so  arrange^  that  when  the  needle  l  is  drawn  over  towards  one  pole  of 
the  electro-magnet,  as  it  would  be,  say,  by  a  negative  current,  the  word  On 
shall  be  brought  up  to  the  aperture  in  the  face  of  the  bell,  whilst  the  arma- 
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freece's  blocs  signais. 
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I  is  at  the  ssme  time  attiiictcil  towarda  Uie  coili  and  a  itroke  atrack  on 
bell.  In  like  maimer  a  posdTe  cmrent  would  cany  the  needle  to  the 
oaito  pole,  displaying  the  word  Of  at  the  apertore  and  at  the  aanw  time 
king  the  bell.  Thne  a  change  in  the  corrent,  positive  to  negative,  or 
Btive  to  positiTe,  will  produce  a  change  in  the  iadicitioa.  An;  Dnmher 
mzrenlfl  sent  wiU  give  a  similar  namber  ot  beats  on  the  bell,  but  no 
nge  will  take  place  in  the  Indicator  unices  there  is  a  change  in  the  eui- 
t  or  in  the  diiedjon  in  which  the  cnrFent  paases  throngh  the  oolls.    The 


Ject  of  the  indlcaioi  is  to  repeat  the  condition,  or  rather  Ihe  position,  of 
e  Mmaphore  arm  at  the  distant  station.  The  number  of  the  beate  repre- 
Xt  certain  signals. 

'  The  lever  or  handle  of  the  switch  f  is  arranged  to  move  &eelj  upcai  iCe 
ntre  a,  but  ia  provided  at  its  extremity  with  a  email  Bleel  roller  fiir  tra- 
niug  a  spring  with  a  doable  inclined  plane,  the  object  of  which  ia  to  heep 

(the  lever)  in  whichever  position  it  may  be  placed,  whether  in  the 
reotlOD  al  Ob  or  Off.    The  lemicircalar  piece  ti  n  is  divided  iu  the  centre. 
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■ch  portion  to  ilottad  u  to  irdmit  of  tlu  hAndla  morlng  «4tlim  It  U 
the  aD^  npmmted  in  Da 
flgnn.  TIm)  hancOa  ii  pnniilid 
wltli  ipringi,  which  on  dtbcr  «d> 
pim  flnnlj  agaiiut  tha  HgiiMnti 
QS,  au  aa  In  make  good  caUut 
thtfewith. 

>  In  the  bell-ke7  A  it  a  rtROf      | 

atop-piBeal  X  C,  bnt  held  in  ontact 
with  the  latter  wbea  at  reat  bj     | 
the  ipiral  firing  placed  belo*  it.     i 
It  ie  voir  on  praajng  the  knobtf 
the  bell-key  that  the  lerei  i  ii     , 
brought   Into   eootact  with  tbt 
lower  contact  B.  | 

'  The  eleettical  eoDMctdoni  ut  ' 
deuly  ahown  In  Fig.  334.  Tin 
line-win  bom  the  bell  at  tic 
distant  (taUon  joins  the  b«U-kn 
at  A,  and  la  than  in  contact  nti 
the  (tnd  o  ;  tlience  it  pioceedi  to 
the  ooHa  of  the  bell  and  to  caitL 
The  Une-wiie  from  the  twitct  tf 
the  wme  statl<m  la  merely  ■ 
conneotlon  with  the  coilt  <^  tla 
umaphon,  whence  it  goeato  wtk 
The  wire  frnm  the  diatant  Mm» 
phore  jona  the  switch  at  ita  ten 
e,  and  thrangh  it  la  either  bron^ 
into  circoit  with  the  bsttn;  it 
tached  to  the  aegment  k,  or  pot  n 
earth  throngh  q.  Hie  baiteiy 
arraogement  conaiats  of  one  Mt  in 
eonnection  witli  the  b  ot  Offirg- 
mrat  of  the  iwitch,  and  two  wB 
in  connection  with  the  eemapbare. 
the  zinc  pole  of  one  act  bung  con- 
nected with  the  contact  p,  and  the 
copper  pole  of  the  other  4et  being 
cannected  with  the  apper  ccntul 


(237)  "Ty 

naUlnc  Telesraplis. — Aael 
of  theee  iostruinents  conaieU 
(sea  Fig.  33  s)  of  a  mgnalliiy 
instrument  with  two  indicaton 
and  two  plungera,  a  Ml  or 
gong,  end  a  plunger  for  so- 
ft eingle-niie  ^rBtetn.    The  indi- 


toating  the  diatant  gong.    It  i 


ttsr's  TBAIN-SIGHALLIIIS  tklbobaphs. 
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eators  ore  coloured  white  and  red,  and  are  actuated  li7elect»>-tDAg- 
netic  apparatoB  biouj^ht  inb)  sciioii  bj  tbe  pressure  of  one  01  othei 
of  the  plungers  'Train  on  line,'  '  Line  clear.'  Attention  is  called 
bj  the  gong,  acd  the  numher  of  beats  deugnate  various  trains  or 
lAgaaia.  In  the  more  recent  forma  of  this  sj^stem  a  'semaphore '  is 
adopted  inHl«ad  of  the  ordinary  indicators  ebonn  in  the  figure.  The 
electTO-magnets  useddifier  from  the  ordinal;  form,  inasmuch  as  that 
l^e  iron  cores  employed  are  not  of  soft  iron,  bat  of  tte^,  in  which 


Fg  336 


a  large  amount  of  residual  magnetiam  ia  retted.  The  indicators 
■M  attached  to  soft  iron  needles  in  connection  with  the  steel  cores, 
and  an  therefore  magnetised  b;  induction,  and  retained  in  tbeir 
position,  which  is  only  changed  by  a  current  of  electricity  of  an 
opposite  hind  to  the  preceding,  producing  at  once  a  reversal  of 
polarity  of  the  etectro-mognet.  It  will  be  seen,  therefore,  that  the 
needles  and  indicators  ore  held  in  the  same  position  until  the  current 
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(13^)  ■patBMolattl'a  Bjaliaii  Thin  u  ft  thwo-wu'B  KjiAaa, 
Kod  conasU  of  ta  ingtrument,  ft  bell,  and  a  belL-key,  Th«  mfgai- 
Log  inntnniwnt  wu  originally  aumlaT  to  the  ordiiiary  Oooka  wi 
WheatatODe  needle,  but,  instead  of  indicating  bj  a  needle  at 
pointer,  the  indicatjon  i«  made  throngb  an  aperture  by  meani  of  a 
oaid  tixed  on  the  end  of  the  amature  oanying  tiia  wnrds  '  Trua 
on  line,' '  Line  clear,'  the  former  on  a  rti  ground,  the  latter  on  a 
tchiU  ground  (Fi^.  336).  ffignala  are  made  by  means  of  a  pedil 
anangement,  in  action  similar  to  an  OTdinary  key,  the  two  pedak 
eending  rerene  signal*.  When  a  aignal  ie  sent,  the  pedal  is  kept 
down  by  inserting  a  pin  in  a  grooTe,  which  prevents  the  pedal  bmi 
risinfr.  In  order  to  avcnd  demagnetisation  of  the  needle,  in  conn- 
quenceofliphtoingor  other  caoaee,  Blr.  Spagnoletti  boa  intiodnced 
a  method  of  keejnng  the  needle  magnetised  by  indncdon,  a  plu 
vliich  baa  proved  quite  aucceesful. 

<239}  TeiecT«ph  a^nariea. — Hie  batteriea  originally  naed  to 
work  our  English  telegraphs  trere  oompoeed  of  amalgamated  mt 
and  of  copper  plates,  4^  inches  long  hy  3}  inchee  wide,  the  bk 
being  three-sixteenths  of  an  inch  thick.  The  plates  wen  ce- 
mented wateiytight  on  to  stout  teak-wood  or  oak  troogha,  each 
trough  being  from  15  to  30  inches  long,  and  J^  inchee  wide,  ud 
divided  into  12  or  24  cells  by  partitioni  of  slate.  The  jdstM, 
connected  together  by  copper  alipe,  wen  placed  across  the  alita 
partitions,  and  the  cells  were  filled  to  within  an  inch  of  the  tof 
with  siliceous  sand,  which  was  then  saturated  with  a  mixture  of 
I  part  of  oil  of  vitriol  and  1 5  parte  of  water.  The  numbei  of 
cells  used  varied  according  to 
the  distance  between  the  et*- 
tions-,  for  abort  groups  of  10 
or  15  miles,  34  cells  wen 
emfdoyed ;  for  distances  fiom 
40  to  60  miles,  double  that 
number.  These  sand  battems, 
though  developing  a  powerM 
current  of  electricity  when 
first  charged,  are  very  jncon- 
elaot,  and  in  almost  every  caM 
have  given  way  to  a  modifica- 
tion of  the  battery  of  Daniell, 
devised  by  Mr.  John  Fuller  in 
1853- 

One  form  of  this  sulphate  of  copper  battery  used  for  telegraphic 
purposes  m  England  is  that  known  as  '  Mtarheadt  or  the  ciamier 
battery!    A  longitudinal  section  through  one  end  of  this  batteiy 
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18  shown  in  Fig.  337.  The  zinc  plates  are  about  4  inches  x  2  inches, 
the  copper  plate  is  about  4  inches  x  3  inches.  The  porous  cells, 
pp,  OTQ  filled  with  solution  of  sulphate  of  copper ;  very  dilute 
BcQphuric  acid  is  put  in  the  outer  cells,  which  are  of  white  por- 
celain, and  made  in  pairs.  Five  such  pairs  are  enclosed  in  a  strong 
box  with  a  wooden  cover.  To  check  endosmose  through  the  porous 
cells,  they  are  greased,  except  on  the  portion  which  is  opposite  to 
the  zinc-plate. 

Instead  of  sulphuric  acid,  a  solution  of  sulphate  of  zinc  is  used 
in  the  zinc  cell  *,  in  this  case  it  is  not  necessary  to  amalgamate 
the  zinc  plate,  and  there  is  little  local  action ;  but  the  sulphate  of 
zinc  must  not  be  allowed  to  crystaUise  on  the  zinc  plate,  or  it 
will  stop  the  action  of  the  battery.  The  saturated  solution  of  the 
salt  should  be  diluted  with  an  equal  quantity  of  water.  Contact 
between  the  zinc  plates  and  the  porous  cells  should  be  avoided, 
as  such  tends  to  the  deposit  of  metallic  copper  on  the  porous  cell, 
and  the  consequent  establishment  of  a  local  circuit. 

Mr.  Cromwell  Varley  in  1854  dispensed  with  the  porous  par- 
tition by  placing  plates  vertically  above  one  another,  copper  being 
at  the  bottom,  and  keeping  the  two  solutions  separate  by  their 
relative  weights  or  specific  gravities.  Hence  this  form  of  battery 
is  called  the  ^gravity'*  form.  It  is,  however,  a  wasteful  form,  for 
the  solutions  necess£krily  mix,  and  considerable  local  action  ensues. 

The  battery  used  by  Walker  on  the  South-Eastem  Bailway  to 
ling  the  signal-bells  consists  of  gas  carbon  platinised,  and  amal- 
gramated  zinc,  with  dilute  sulphuric  acid. 

(240)  &eolanoli6  Battery. — This  is  a  battery  which  of  late 
years  has  very  much  supplanted  the  difierent  forms  of  Darnell's 
cell,  and  is  now  largely  used  for  all  kinds  of  telegraphic  purposes. 
It  is  the  invention  of  M.  Leclanch^,  of  Paris,  and  possesses  great 
merits,  which  are  substantially  proved  by  its  large  adoption. 
Iig.  338  explains  the  form  of  the  battery.  The  outer  glass  cell  con- 
tains the  zinc  element  immersed  in  a  solution  of  sal-ammoniac ;  the 
porous  pot  contains  a  plate  of  carbon  surroimded  by  coarse  grains 
of  peroxide  of  manganese  and  carbon.  Great  difficulty  was  at  one 
lime  experienced  with  the  connection  of  the  carbon  plate,  the  lead 
top  being  frequently  acted  upon ;  but  these  difficulties  have  been 
overcome  and  the  battery  is  now  used  for  various  purposes.  It 
possesses  very  low  internal  resistance  with  great  electromotive 
force.  In  working  circuits  of  low  resistance  it  soon  polarises  and 
runs  down,  but  where  the  resistance  is  high  this  battery  is  found 
to  work  with  great  constancy  and  economy.  It  is  much  used  in 
France,  Belgium,  and  other  countries,  and  is  also  very  largely  in 
demand  by  the  railway  companies  of  this  country. 


must  be  cboBfn.  The  best  ie  tbut  which  b  known  ander  the  name  of  nmV*' 
manganof.  It  n  cryiWlllpcd,  silky,  and  of  s  Tery  distinct  graphiloidittl 
bnlliini*  i  if  it  has,  in  sdditiun  (o  those  different  ehaiacters,  ■  certain  hud- 
ncBs,  it  will  possess  a  greater  eondueting  power.  To  employ  (his  peroiidt, 
the  gangne  or  vein-Jtone  mast  first  be  removed,  and  the  remainder  brolo 
up  into  coarae  grains.  Atlerwards  it  is  passed  on  a  sieve  to  get  rid  of  th 
powder,  which  done,  an  equal  volume  of  crushed  horn  carhoa  is  added. 
Thus  a  perfectly  condncting  mixture  is  obtained.' 

(241)  asinotto  Battery. — This  ia  a  modified  form  of  a 
Darnell,  and  ita  appearance  may  be  seen  in  Fig.  339.  It  oonsi^  of 
a  round  glass  or  glazed  earthenware  jar,  about  five  inchw  high ; 
at  the  bottom  ia  a  disc  of  copper  c,  to  whicb  is  attached  u)  iniD- 
lat«d  copperirire  projectiDg  bajond  the  jar.   The  battetyiscbalgai 
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"y  placing  on  the  copper  disc  about  eight  ounces  of  sulphate  of 
^Pper^  and  above  that  a  quantity  of  sand  or  sawdust,  upon  the  top 


Fig.  339- 


of  which  rests  the  thick  circular  zinc  plate  z.  The  sand  or  saw- 
dust preyents  the  sulphate  of  copper  rising  to  the  zinc.  Water  is 
poured  in  until  the  sawdust  is  thoroughly  moist.  The  electro- 
motive force  of  this  battery  is  remarkably  constant ;  the  internal 
resistance  is  from  10  to  20  ohms,  varying  with  the  quantity  of 
sand  and  the  manner  in  which  it  is  packed.  It  is  a  battery 
largely  in  use,  and  in  India  its  use  is  universal. 

(242)  Fuller's  Meronry  Bicliromate  Battery. — This  is  the 
most  recent  form  of  battery  introduced  for  practical  telegraphy, 
and  whilst  found  to  be  of  great  electromotive  force  it  is  also 
very  constant.  Fig.  340  gives  a  section  of  the  latest  form  of 
this  battery.  ^  ^  is  a  glass  jar,  in  which  is  placed  the  porous  pot 
p  p  containing  the  zinc  plate ;  the  negative  element  c  is  a  carbon 
rod  placed  in  the  glass  jar  as  shown.  To  charge  the  battery  it  is 
necessary  to  deposit  in  the  glass  jar  about  three  ounces  of  bichro- 
mate of  potass,  and  one  ounce  (or  one  measure)  of  mercury  in  the 
poioos  pot  with  the  zinc  element.  The  solution  must  consist  of 
one  part  of  sulphuric  add,  and  nine  parts  of  water,  in  the  glass  jar 
with  the  crystals.    The  porous  pot  must  be  filled  with  water  oidy. 


^ij^r\^j- 
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lU  electromotive  force  ia  douUa  thftt  of  Duiiell'i,  and  iti  intend 
reffiBtuice  about  2  oktua.  It  ii  atatod  that,  with,  axdintij  mdmg, 
extxa  CTjatalA  wQl  not  It 
Teqnired  for  at  Uait  rii 
montha,  and  none  need  be 
used  whilst  the  solnlian 
continneB  to  lie  of  an  crmgi 
colouT;  hut  if  it  shoidd 
have  a  blue  tint,  tbea 
crpatala  must  he  added. 
If  the  colont  remum  good, 
and  the  hatterf  fidte  ii 
power,  then  three  or  fbm 
ouncee  of  pure  a^d  ahonld 
he  added,  and  aome  of  lb«  I 
solution  from  the  poTou 
nnc  cell  remored,  rafilliiig 
witli  water  onlj.  FnllaT'i 
battery  ia  now  being  laigelf 
adopted  by  the  Post  Offica 
and  the  railway  compaidUi 

(243)  CKOanA  BaHarr<~-Thia  battery  was  introduced  into 
France  by  M.  Oallaud,  and  has  sabaequantly  been  largely  adoptsd 
in  Amorica.  It  is  a  gravity  batteiy,  pure  imd  simple.  "Die  coppn 
[ilato  is  plnced  at  the  hottom  of  the  cell,  in  soma  in  the  form  of  » 
llat  plate,  in  otters  with  tlie  comera  turned  down,  to  eerve  as  1^ 
und  koop  it  slightly  raised  ahore  the  bottom  of  the  jar,  wbibt 
occnwonally  a  coil  of  copper  wire  18  employed.  The  rinc  haa  like- 
wise more  than  one  form,  Sometdmea  it  ia  Btax-ahaped ;  at  other 
limea  it  h  a  perforated  plate,  and  not  unfrequently  it  ie  coiucsl^ 
shaped  on  the  lower  surface,  so  as  to  prevent  the  bubbles  of  gii 
from  adhering  to  it.  Onilaud  proposed  to  vary  tiie  internal  reaat- 
nnce  of  hia  cell  by  providing  for  the  lowering  or  raising  of  tba 
zinc  plate  at  will.    This  has  been  proved  to  be  useless. 

(244)  Koekwood  SMtery. — This  battoiy  is  the  invention  of 
nnAmerican,and  is  largely  employed  in  the  United  States.  It  isl 
trra^ity  linttery,  and  its  general  appearance  ii  shown  in  Fig.  341. 
Tlie  copper  element  eouMats  of  two  concentric  coils  of  copper  wire 
nnd  an  upright  standard,  formed  of  a  straight  piece  of  heavy  coppw 
■wits,  provided  with  nuta  and  washers  at  each  end.  An  insulated  wire 
is  connected  to  the  lower  coil,  and  passed  upwards  through  the  ju 
to  the  succeeding  zinc.  Special  stress,  says  Mr,  Sivewright  (Auritaf 
0/  flie  Sodetg  of  Tdegraph  Engmeei't,  vol.  iv.  143),  is  laid  upon  the 
necesuty  of  so  arranging  this  that  the  outside  of  the  copper  coil 
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dodlnmtothen^af  the inmlnted  wire;  ftnd at  tlie same  time 
MSmut  be  taken  that  tiie  cmb  aie  to  pkced  that  the  outade  of 
ftalowaccnlnuw  to  the  r^At,  and  the  ontaide  of  the  upper  coil  to 


tbe  tti/i. ;, >ted,  is  eaaential  to  the  proper  action  of 

the  battery,  llie  batteiy  is  charged  with  crystals  of  sulphate  of 
Copper.     The  zine  plate  ia  supported  on  the  top  bj  a  metal  croea- 

(245)  OlmtAiiz  ■ftttery. — Thja  battery  is  a  one-liquid  bat- 
tery, the  liquid  conaisting  of  iij  parts  sulphuric  acid,  5^  bichro- 
mate of  potash,  3  parts  sulphate  of  aoda,  80  parts  of  water.  Euch 
cell  ia  composed  of  a  cylindrical  vessel,  half  the  capacity  of  which 
is  filled  np  with  powdered  carbon,  in  which  a  flat  piece  of  graphite 
ia  embedded ;  whilst  the  other  half  is  fiUnd  up  by  silver-?and,  in 
which  the  anc  is  also  embedded.  The  arrangement  of  the  cells  is 
peca]iikT,BJid  constitutes  the  priucupal  feature  of  the  battery:  thecell^i 
are  placed  one  above  the  other  on  shelves  in  two,  three,  or  more 
rowa ;  on  the  top  of  one  cell  is  placed,  also  on  a  shelf,  a  glass 
balloon  TesBsl,  at  the  bottom  of  which  is  fixed  a  porous  pot.  The 
existing  liquid  is  fiist  poured  into  this  balloon,  from  which  it 
percolates  slowly  through  the  porous  pot,  dropping  on  the  first 
TOW  of  cells ;  then,  the  cylindrical  vessel  having  itself  a  hole  at  the 
bottom,  the  liquid  drops  on  the  cells  underneath  ;  after  having 
passed  through  these,  it  is  finally  received  in  vessels  to  be  used 
Bgnin.  A  lengthened  trial  of  this  battery  has  proved  it  to  be  of 
great  Doerit. 
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(246)  MmK-Sbtt  ■•ttarr.— Thia  bttteiT,  which  ii  ihowB 
in  ¥'n(.  341,  hu  been  much  (»ed  in  England,  and  is  laimlj  em> 
ployed  in  France  and  on  & 
Gontment.  The  elmnenti  m 
line  and  graphite  ptata,  u- 
inted  by  moistened  liialplulg 
of  meictuy.  The  due  pltM 
are  amaJgsniated,  and  Dm 
gia^te  platea  are  cut  &m 
the  refiue  of  gsa  letorta  ui 
cOTSred  with  a  coatii^  d 
powdered  platiniunhf  aleetm- 
chemical  depoaition.  In  Ht 
figure  a  is  the  pladniaed  gn- 
phite,  b  b  the  bisulphide  d 
mercuiy,  e  a  drcular  fine 
plate,  d  a  poiouB  cell  Ii 
Aoatria,  for  nee  in  tTan^nM, 
the  porous  cell  has  been  deal 
away  with  and  a  metdtanial 
obetecle,  such  as  aand,  inlirt}- 
tQted. 

■According  t» 


Chloride  of  sQve 
Smeo's  (when  m 
Dnniell 


BD) 


Loclnncli^  gives  the  ralue  of  his  peroxide  of  numgaueu 
battery  as  superioT  to  that  of  a  Daoiell  battery : — 

Sulphate  of  copper  (DoQiell)      .        .        ,     =    i-ooo 
Peroxide  of  maDgancafl       .        .        .        .     ^    ^383 

(243)  BTrne'a  Pnenmatle  Battery. — Thia  battery  has  been 
specially  derised  with  a  view  of  providing  the  medical  profeadon 
n-ith  A  portable  battery,  capable  of  producing  »  considerable  amonit 
of  hBat,as  required  for  cauterising.  The  negative  plate  conMele  of 
a  very  thin  plate  of  platinum  to  which  a  lead  backing  is  soldereJ, 
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«iid  tiiiB  is  oorered  with  a  sheet  of  thick  copper,  also  coated  with 

Wd,  the  whole  heing  then  covered  with  a  non-conductang  yanush, 

with  the  ezceptioii  of  the  exposed  platinum  face.    Two  of  these 

]^te6  are  arranged  to  face  the  zinc  plate,  as  in  Wollaston's  form 

of  oell,  and  ths  exciting  liquid  consists  of  12  oz.  of  hichromate  of 

potaahy  one  pint  of  sulphuric  acid,  and  five  pints  of  water.    By 

uong  such  a  mixture  the  sulphuric  acid  attacks  the  zinc,  and  the 

three  atoms  of  very  loosely  combined  oxygen  exercise  a  depolarising 

e£EB6t,  by  absorbing  the  evolved  hydrogen.    A  tube  dips  into  the 

exdthig  liquid,  and  is  so  arranged  that  it  conducts  a  current  of 

air,  from  a  small  pair  of  bellows,  against  the  face  of  the  negative 

plate ;  by  this  means  the  current  obtained  from  a  given  electro- 

DLotive  force  is  materially  and  wonderfully  augmented. 

(249)  Supports  and  Xnaulatora  for  Overffroiind  HTIrea. — 
The  modes  of  sustaining  and  insulating  telegraph  wires  formerly 

Pig.  343. 


adopted  in  England  are  represented  in  Figs.  343  and  344.  Wooden 
posts,  from  15  to  30  feet  high,  are  fixed  firmly  in  the  ground  at 
the  rate  of  about  30  a  mile ;  the  upper  part  of  each  post  is  5  or  6 
inches  square ;  it  carries  a  wooden  ai*m,  which  is  separated  from 
the  post  by  discs  or  rings  of  brown  delfware.  The  arm  is  secured 
to  the  post  by  an  iron  bolt  and  screw.  On  the  face  of  the  wooden 
arm  four  hollow  double  earthenware  or  glass  cones  are  fastened  by 
collars  of  iron ;  through  these  the  wires  pass,  and  are  thus  efiec- 
tually  insulated.  Other  forms  of  insulators  are  shown  in  Figs.  345, 
346,  347,  and  348.  A  contrivance  for  tightening  the  wires  is 
seen  at  b  (Fig.  344).  The  posts  on  which  this  apparatus  is  placed 
are  much  stouter  than  the  ordinary  sustaining-'i^o^\&,^\i^^'£^^^^ 

F  V  2 
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Htintembor^of  ftmiieaput    To  tba  nppw  put  of  tlie  pod  n* 
Attached  aa  maoj  iron  acnwa  u  there  *»  tdegi^ph  wxtt,  nd 

FH.3M.  nB-345-  ig-w«. 


— ^^rt^^aa^ 


from  the  post  by  discs  of  earthenware ;  a  and  b  (Fig.  343)  are  two 
earthenware  pulleys  or  thacMei,  each  furnished  with  two  hoob 


insulated  from  each  oUier.  The  windint^poBt  is  thus  sees  to  be 
out  of  the  circuit,  but  the  metallic  contiouit;  of  the  telsgiaph 
wire  is  eecured  hj  the  thin  wire  c,  soldered  to  the  outside  of  each 
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Ilg.  349  shows  the  form  of  shackle  usuoll;  employod 
Dg  a  break  in  the  p,  .„ 

>rder  to  introduce 
unent  into  the  cir- 
d  Fig.  3SO  repre- 
ight^B  patent  ter- 
iBulator,  which  is 
laed  in  oveT-house 


•a requited;  when 
an  inteimediate 
for  long  BpsDB,  or 
i  in  tlie  line,  two 
n  ore  attached,  as 
in  the  figure,  and 
luctor  is  completed 
ning  a  short  wire 
lin»-wii«  at  each 

856  Mr.  Latimer 
>ataiit«d  an  insu- 
wbichhe  increased 
th  of  surface  of  the 
a  over  which  the 

escapee,   without 
og  its  aecbon     He  att&med  thia  hy  a  double  bell  formed 
>iece.    The  insulator  is  supported  by  a  stalk  n  (Fig  351) 
<d  into  the  interior  of  the 
avity ;    the    line-wire    is  _  ''b  35' 

through  a  deep  groove  on 
,  and  is  fixed  to  the  bell 

'ther  hind  of  line  insulator 
stronRest  and  most  ex- 
of  alL  The  firat  insulator 
kind  was  that  made  by 

Siemens,  of  Berlin      It 

of  a  cast-iron  bell  a  a 
53)  with  a  flange  b  b,  by 
it  is  screwed  against  the 
[nmdethe  hell  is  cemented 
ilidn  cup  e  c,  ribbed  inside  and  out  to  giva  a  good  hold  to 
lent.    The  cup  c  c,  in  turn,  carries  the  stalk  or  hook  d  d 
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which  nipporta  the  line-wira.  The  pula  bi»  pnt  tofnUier,  wlub 
hi>t,  with  a  Mtnent  campowd  of  culphur  »nd  onde  of  iroD.  Ab  t 
further  mi>de  of  iiuulntion,  the  jtod  ftklkt  or  hooka  an  eoTind 
with  vulcanite  before  being  cemenlad  in ;  Mmetimaa  the  pOKdui 
cup  is  replaced  by  a  cup  of  vulcamte.  These  insulators  are  ahttk 
Leuvr,  but  their  euperior  solidit;  and  iosnlation  are  ample  com- 
peiUHtion,  the  iron  cap  fonniog  at  once  a  perfect  protectdmi  apaimt 
injury  aad  a  aereen  againat  the  deposit  of  dew  on  the  porceUiiL 

The  insulator,  according  to  iVwM  and  Stvanright, '  vMcli  ia  in 
freneral  use  in  Knglund  ia  of  brown  eartheawftre,  and  ie  shown  in 
Fig.  353.  It  coQsiats  of  two  distinct  and  aeparate  cups,  c  Bsd  c', 
which  are  fitted  into  each  other  by  meanii  o( 
B  cement  compoaed  of  eqnal  pnrta  by  weight 
of  fine  white  eand,  Portland  cement,  and 
piaster  of  Paris.  Into  the  inner  cup  e  a 
vaniaed  iron  bolt  b  ia  inaerted,  and  fixed  W 
_  meana  of  a  cement  compoaed  of 
'  5  parte  by  wraght  of  clean  river  aand,  mfted. 
3         „         „         en)^eaahea(ironiBiiold 

engine  fire-box).  ■ 

Z  „  „  flnereain. 

'A  groove  ie  cut  on  the  aurface  of  the 
outeide,  and  into  it  the  line-wire  ia  placed  and 
firmly  bonnd.  This  form  of  inaulator  eoni- 
bines  aeTcral  advantages,  to  which  attention 
may  briefly  be  drawn.  Whatever  current 
e:tcapes  from  the  wire  in  the  groove  must  make 
its  way  over  the  entire  surface  of  both  eupa 
before  it  can  reach  the  bolt.  Bj  having  two 
cups  again  greater  reliance  can  be  plai»d 
ii|)on  the  quality  of  the  earthenwate ;  the  two  email  jdeces  can  be 
better  burnt  and  vitiilied  than  one  lai^r  portion  ;  and  the  pro- 
babilit}'  of  flaws  or  faults  oecundng  in  such  caps  is  very  remote. 
At  the  same  time,  by  meane  of  this  arrangement,  one  portion  of 
the  insulator  is  open  to  the  cleansing  action  of  the  rain,  whidi 
aerves  to  remove  any  dust  or  dirt  apt  to  adhere  to  it ;  whilst  the 
other  is  kept  dry,  and  in  ivet  weather  continues  to  ofier  con^dei- 
ftble  resistance  to  any  escape  of  the  current.' 

No  form  of  insulator,  however,  has  been  found  to  really  ont- 
come  the  tendency  to  get  '  dirty,'  and  therefore  less  insulalinft 
this  tendency  varying  according  to  the  nature  of  the  country,  snd 
it  is  frequently  found  necesaery  to  clean  the  insulators  thoroughly. 
With  tlie  wires  fixed  this  haa  been  fbund  a  difficulty,  eapeoallr 
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■8  the  bolta  frequently  ^t  immoTably  set.  Kr.  Oordeauz,  of  Bir- 
mingham, has  Buggeated  tm  impTovement  wUch  facilitates  these 
operations.  He  makes  the  inBulntor  witb  a  tluread  iiudde,  so  that 
it  screws  on  to  the  bolt,  and  when  necessary  can  be  easily  removed. 
It  has  heea  found  bo  serviceable  tliat  the  Foat  Office  authoritjes 
«re  udng  it  largely  for  the  telegraph  ByBtsm. 

The  insulator  much  used  in  France  ia  shown  in  Fig.  3;4. 
The  iron  hook  by  which  the  wire  Ib  suHpended  is  cemented  into 
the    porcelain    by   a   miztuie  of   anlphur   and   colcothar.     The 


tigb  ening  ratchet  is  Bhownin  Fig.  355  ;  it  is  made  of  galvanised 
iron,  and  one  is  fixed  at  every  mile,  the  supports  being  of  porcelain. 
The  insulator  uaed  in  Germany  is  somewhat  similar  to  that 
shown  in  Elg.  351,  It  is  made  of  white  porcelain.  A  somewhat 
(dmilar  kind  is  used  in  India.  In  Australia  the  Oppimheime)'  form 
— a  modification  of  Fig.  3J1,  nbich  haa  a  thread  inside  to  screw  it 
direct  on  the  bolt,  so  as  to  save  the  use  of  cement — ia  used.  In 
America  green  annealed  glass  ia  universally  used,  in  form  like 
that  shown  in  Fig.  348.  It  also  screwa  directly  on  to  a  wood 
pin.  Qlass  was  once  largely  used  in  England,  but  it  was  found 
too  brittle. 

Iron-hooded  insulators  have  been  partially  uaed  in  localities 
peculiarly  subject  to  stone-throwing ;  but,  according  to  Culley 
(IVaetical  Telegraphy,  p.  60),  coverings  to  iosuUtors  are  not  only 
neeleas  but  injurious.'  They  do  not  themselves  insulate;  they 
1  It  ii,  however,  neixiaary  In  certain  Eutem  conntriea  to  dk  Imn-bcoded 
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fiiTord  no  protection  in  fogs  or  continued  nun,  for  then  eyery  put 
)jecome8  equally  damp;  they  harbour  spiders,  -which  spin  their 
threads  over  and  among  the  wires ;  they  hinder  the  drying  of  the 
supports,  and  prevent  the  rain  from  washing  off  the  dust.    Luola- 
tion  is  frequently  improved  hy  a  heavy  summer  shov^er ;  but  the 
insulation  of  the  wire  is  never  perfect,  even  in  dry  weather,  snd 
although  the  leakage  may  be  very  small  at  any  given  point,  yet 
as  the  total  surfiice  exposed  is  as  much  as  220  square  feet  per  mile 
of  No.  8  wire,  the  loss  of  electricity  by  defective  insulation  maybe 
very  ^^reat.    The  best  material  yet  knovm  for  insulation  is  ebonits, 
and  if  it  should  be  found  to  bear  exposure  to  the  weather,  it  will 
doubtless  be  extensively  used  as  a  telegraph  insulator.    The  neit 
best  substance  is  stoneware,  which  possesses  the  important  advsn- 
toge  over  glass  that  its  affinity  for  moisture  is  mi^ch  less. 

There  are  two  sorts  of  leakages  to  which  telegraph  vnres  are 
liable,  one  direct  to  the  earth,  which  simply  weakens  the  current) 
and  which  can  be  restored  by  additional  battery  power,  the  other 
a  leakage  into  another  vnre,  which  causes  great  confbaion  in  the 
working  of  the  instrument,  which  is  increased  by  an  accession  of 
battery  power.  These  faults  are  technically  called  '  earth '  and 
'  contact/  the  former  being  contact  with  the  ground,  the  latter  con- 
tact with  another  wire.  Th^  latter  jb  entirely  obviated  by  placing 
the  insulators  upon  a  metallic  post,  or  by  connecting  them  by  a  wire 
to  the  earth,  so  that  all  the  current  which  leaks  over  their  surfsoe 
may  have  a  path  provided  which  shall  conduct  better  than  the 
line-wire,  and  the  extra  current  thrown  into  the  circuit  by  the 
lessened  resistance  may  be  provided  for  by  an  increase  of  batterv 
power. 

The  distance  between  telegraph  poles  in  this  coimtry  varies  ex- 
ceedingly, not  only  on  account  of  the  route  adopted,  but  also  on 
account  of  the  number  of  wires  required.  In  a  straight  line  with 
but  few  wires  the  poles  may  be  as  few  as  16  to  the  mile,  but  on 
canals,  where  the  sinuosities  are  very  frequent,  the  number  often 
extends  to  40  per  mile,  and  the  poles  are  frequently  doubled,  as  may 
be  noticed  on  the  canals  near  London.  The  poles  now  in  most 
frequent  use  are  of  fir,  prepared  with  sulphate  of  copper  on  Dr. 
Boucherie's  plan,  or  else  creosoted  in  the  ordinary  manner ;  the 
latter  is  the  more  favourite  plan  of  the  two.  The  cross-arms 
carr}4ng  the  insulators  are  of  oak,  and  vary  in  length  according  to 
the  number  of  wires  to  be  carried.  But  it  is  often  the  custom, 
when  a  line  of  poles  carries  a  number  of  wires — two  on  each  arm 
— to  vary  the  length  of  the  arms,  and  have  two  sizes,  placed  alter- 
nately, so  that  one  wire  is  not  immediately  under  the  next  one  above 
it.    The  distance  between  wires  perpendicularly  is  greater  abroad 
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su^r  more  from  tbe 


*■* 


in  this  country,  tiie  TSBult  being  that 
tion  between  wire  and  wire. 
:5o)    Iron    Tottm. — The    iron    post   of 
■a.  Siamena  ie  coming  Terj  genemll;  into 

his  post  is  formed  of  two  tubes,  oua  set 
the  other,  and  the  bottom  of  the  lower 
oade  fiiat  to  a  bent  plate  of  iron  buried 
3  ground.  One  of  them  is  shown  in  Fig. 
The  base  consists  of  one  of  Mr.  Robert 
it's  patent  buckled  wrought-iroa  platee,  I 
)  inches  square,  bent  in  a  dish  form.  The 
ed  plate  a  a  is  secured  by  four  bolts  to 
ocket  b  b — a  cast-iron  cylindrical  tube,  7 
}iig  and  4  inches  outside  diamet«r.  Near 
)p,  inside,  the  socket  is  furnished  with  a 
),  upon  which  the  bottom  of  the  upper  or 
post,  as  it  is  called,  rests.  This  upper 
I  c  is  of  wrought  iron  with  welded  joints ; 
ads  12  feet  high  out  of  the  socket,  and  is 
irhat  conical.  At  its  upper  end  an  iron 
is  welded  in  to  carry  an  iron  rod  d,  zo 
}  long,  forming  the  lightning-guard.  The 
hing-posta  are  of  the  same  height,  but  of 
-  diameter  and  stronger  than  the  ordinary 


iji)  Xroa  \Wp*^-The  wire  used  gene- 
all  over  the  world  is  made  of  iron,  which 
Ivanised '  or  coated  with  zinc.  Its  dimen- 
vwy  with  the  length  of  line  traversed. 
dia  No.  I  (vide  table,  p.  444)  was  much 
but  No.  4  is  now  more  generally  em- 
1  everywhere  for  long  drouits.  No.  S  is 
nost  generally  used  for  average  circuits, 
!?o.  II  is  used  for  short  lines.  In  tbe 
country  galvanised  wire  appears  inda- 
ible,  but  in  the  neighbourhood  of  large  ^ 
I  the  sulphurous  acid  vapours  arising 
the  combuBlJon  of  coal  combine  with  the 
and  form  a  soluble  compound.  Hence 
ooD  washes  away  the  formation,  and  the  ; 
sorrodes.  "Wires  are  now  frequently  pro-  ' 
I  in  such  places  with  hemp  and  tape  well 
Lted  with  jdtch,  reun,  and  other  compounds.    Joints  ii 
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lino-T<riro  are  sometimeB  made  by  bringing  the  ends  together  asA 
wrapping  them  with  a  binding  wire,  sometimes  by  twisting  them 
round  each  pther. 

Fig.  357  represents  a  joint  made  by  the  former  method,  called 
the  'Britannia'  ioint    The  wires  to  be  joined  are  bent  at  right 

F!g.  357. 
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angles,  about  half  an  inch  from  the  ends,  as  at  a  a.  They  are  then 
laid  together,  and  wrapped  or  bound  with  galvanised  iron  binding 
wire,  and  soldered. 

By  the  other  method  the  two  ends  are  laid  side  by  side  for 
about  5  inches,  and  each  turned  four  or  five  times  round  the  other, 
with  a  space  between  the  two  helices  of  about  three-quarters  of 
an  inch  (Fig.  358).    To  make  this  joint,  however,  it  is  necesseiT 

Kg.  358. 


^vvVVr^^vw 


tliat  the  wire  should  be  quite  soft  at  the  ends,  a  condition  which 
must  be  seen  to  beforehand.  It  should,  however,  be  borne  in  mind 
that  all  joints  should  be  carefully  soldered;  otherwise  the  conduc* 
tivity  of  the  wii*e  is  much  impaired. 

(252)  Compound  Telegrrapli  IVire. — ^This,  although  a  com- 
paratively new  invention,  has  nevertheless  been  extensively  used 
in  the  United  States  of  America,  Brazil,  the  River  Plate,  Central 
America,  Russia,  Japan,  China ;  by  various  European  telegraph 
administrations,  and  also  for  military  field  telegraph  service. 

The  compound  wire  consists  of  a  steel  wire  around  which  a 
copper  strip  is  wound  helically;  both  steel  and  copper,  having 
been  drawn  through  a  draw-plate,  are  firmly  soldered  together 
and  tinned.  They  thus  produce  a  compound  wire,  :which  combines 
lightness  with  strength  and  high  conductivity. 

The  advantages  of  the  compound  wire  over  iron  wire  are  eminent^ 
and  show  the  following  important  results : — 

The  proportiDn  of  weight  between  ordinary  iron  wire  and 
compound  wire  of  equal  conductivity  is  about  3  to  i — that  is  tc 
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say,  compound  wire  only  weighs  J  of  iron  wire  of  equal  electrical 
capacity.  This  light  weight,  when  compared  with  the  weight  of 
an  ordinary  iron  wire  of  equal  conductivity,  oiFers  an  advantage 
which  is  of  the  greatest  importance  in  constructing  telegraph 
lines,  especially  in  countries  where  the  transport  of  materials  is 
expensive,  as  a  saving  of  67  per  cent,  in  cost  of  transport  is 
effected. 

Expense  is  also  saved  in  erecting  the  compound  wire,  as  the 
lightness  of  this  wire  economises  time  and  labour,  and  requires 
but  from  two  to  three  joints  per  mile.  On  account  of  its  small 
"weight  the  poles  will  carry  a  larger  numher  of  compound  than  of 
iron  wires,  and  the  insulators  may  be  of  lighter  and  less  costly 
construction. 

A  line  with  a  given  nmnber  of  poles  will  therefore  be  more 
substantial  and  durable  with  compound  wires  than  with  ordinary 
iron  wires.  The  strain  and  weight  upon  the  poles  (especially  at 
curves  and  angles)  being  less,  the  line  must  necessarily  stand 
firmer,  and  the  smaller  diameter  of  the  wire  offering  less  surface 
to  the  pressure  of  storms,  to  the  accumulation  of  sleet,  &c.,  renders 
the  compound  wire  less  frequently  subject  to  temporary  interrup- 
tions. 

Compound  wire,  being  a  steel  wire  protected  by  a  thick  sheath 
of  copper  and  tinned,  does  not  corrode  like  iron  wire,  therefore  is 
less  liable  to  breakage.  Its  superiority  in  this  respect  has  been 
tested  by  a  series  of  severe  experiments,  in  which  compound  wires 
and  iron  wires  have  been  exposed  to  the  influence  of  air  under 
pressure,  the  air  being  alternately  impregnated  with  acid  and  salt. 
The  results  proved  that  an  iron  wire  of  4  millimetres  diameter 
was  on  the  ninth  day  partly  destroyed,  whereas  the  compound  wire 
remained  in  a  perfect  state  of  preservation. 

Compound  wire  is  especially  well  adapted  for  military  tele- 
graph lines,  and  has  given  ample  proofs  of  good  field  service.  It 
is  further  weU  adapted  for  long  spans,  for  crossing  rivers,  ravines, 
mountains,  for  overland  lines  in  towns,  &c. ;  and  it  has  been  found 
that  stretches  from  a  quarter  to  three-quarters  of  a  mile  can  be 
successfully  maintained. 

(253)  Sfrmlngrliaiii  ^ITire  Oangre. — The  following  table  of 
sizes  and  weights  is  that  usually  adopted  in  this  country : — 
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TiMtoflttm  Wire. 


Birming- 

Breaking Btndn  | 

ham 
Wire 
Gauge 

Diameter 

Area  of 
Section 

Weight  of 
100  Yards 

Wdghtof 
IMfle 

Bard 
Wiie 

Soft 
Wire 

Inches 

Sq.  Inches 

lbs. 

IbB. 

lbs. 

lbs. 

oo 

0*363 

0*103 

Z03*00 

1.794 

8600 

6*000 

o 

0-331 

0*086 

8473 

1,490 

7*  100 

475P 

I 

0-300 

OH)7i 

687s 

Z,3ZO 

61000 

4*000 

a 

0*280 

0-063 
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163 

7Z0 

510 

13 

0*095 
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oxx)44 
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76 
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17 
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44 
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18 
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34 
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"5 

19 
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85 

ao 
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65 

21 
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17 

«S 

so 

22 
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0*69 

Z3 

65 

40 

(254)  VBdergTonnd  mnres. — The  following  detsdls  of  the 

system  of  underground  wires,  as  adopted  by  the  late  Magnetic  Tele- 
graph Company,  were  kindly  furnished  by  Mr.  Bright : — 

*  It  was  evident  that  the  integrity  of  the  insulating  coatings  of  gutta- 
percha could  not  be  preserved  long  without  some  external  protection  through- 
out the  length  of  each  line,  as  the  mere  compression  of  the  soil,  gravel,  and 
stones  would  at  once  have  injured  it,  and  in  opening  the  roads  for  repair 
they  would  experience  still  further  damage.  After  discussing  the  merits  of 
various  plans  of  protection,  it  was  finally  decided  that  the  wires  througfaont 
towrns  should  be  laid  in  cast-iron  piping  divided  longitudinally,  so  that  the 
wires  might  be  laid  in  quickly  without  the  tedious  and  injurious  operation 
of  drawing  them  through,  as  was  the  case  with  the  old  system  of  street 
work,  where  the  wires  were  laid  in  ordinary  gas  piping ;  and  that  along  the 
country  roads,  which  were  comparatively  little  liable  to  disturbance  from 
the  construction  of  sewers,  or  laying  of  gas  or  water  pipes,  the  wires  should 
be  laid  in  creosoted  wooden  troughs  of  about  3  inches  scantling,  cut  in  long 
lengths,  so  as  to  be  little  liable  to  distui'bance  upon  any  partial  subsidence 
of  the  soil,  which  not  unfrequently  occurs  in  districts  where  mining  opera> 
tions  are  carried  on.  The  tops  of  the  troughs  are  generally  protected  by 
fastening  to  them  a  galvanised  iron  lid.* 
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A  section  of  ooe  of  the  tronghs  is  bIiowh  in  Fig.  359 ;  m  bong 
the  trough ;  n  the  galvauiaed  iroo  lid )  a  the  gutta-peKha  wire ; 
andp  a  lapping  of  tonnad  yam.  The  Hg.sss. 

trough  is  depouted  at  a  depth  of  two 
feat  ^m  Uie  Bui'&ce  of  the  rood. 
Ilio  iion  piping  used  iu  towns  is 
about  3}  inches  iu  diameter.  The 
lower  halves  are  first  laid,  socket 
into  socket,  in  the  trench,  and  the 
wires  are  tlieu  rapidly  reeled  off,  and 
depositsd  in  tlie  lower  halves  from 
a  drum  drawn  over  the  trench.  The 
upper  halves  are  then  put  on,  and 
attached  to  the  alreadj  laid  portions 
bj  clamps  or  bolts  &stemng  through  ears  cast  in  the  ^des  of  the 

The  late  Magnetic  Telegraph  Oompan;  adopted  the  under- 
groond  system  to  a  great  extent.  In  1S51,  they  l^d  aline  between 
liverpooland  Manchester)  they  after wu^la  extended  the  system 
from  London  through  Birmingham  to  Manchester,  Liverpool,  and 
the  Taiioos  towns  in  the  Lancashire  districts,  and  northwards  to 
Scotland. 

The  late  Electric  Telegraph  Company  also  adopted  a  line  of 
underground  telegraphs:  this  consisted  of  8  wires  drawn  into 
earthenware  pipes,  buried  alongside  the  Loudon  and  North- 
Western  Railway  &om  Kilbum  to  Manchester  and  Liverpool. 

The  late  BritiBh  Telegraph  Company  also  went  la^y  into 
underground  work  on  the  ^stem  previously  expl^ned. 

There  seemed,  however,  some  fatality  with  legaid  to  the  under- 
ground system,  for  it  was  gradaaUy  removed,  so  that  at  the  present 
time  none  of  the  old  work  remains.  The  failure  may  principally  be 
traced  to  the  wont  of  knowledge  of  the  material  employed,  and  to 
a  consequent  cai«lessness  in  the  manipulation  of  the  insulating  ma- 
teriaL  Amongst  the  fuluras  that  relative  to  the  British  Company 
ismoatintereeting,for  their  engineer,  Mr.  E.  Highton,  investigated 
soma  of  the  peculiarities  of  the  fulure.  The  following  extracts 
are  taken  from  bis  reports,  which  are  dated  1857  and  1858 : — 

■  Having  lutdeistiiod  that  the  viies  Bonth  of  Berkhampetead  bad  fwled  in 
many  puis,  I  went  there  yatsrday,'  with  a  view  of  endeavonring  to  sscer- 
taia  the  cauM  of  luch  Ulnre.  I  (elected  f«  examinatioD  a  district  com- 
meudng  about  a  mile  to  the  >onth  of  Beikhanipstead.  I  selected  a  length 
where  the  iriies  pused  near  the  mola  of  oak  trees,  and  then  near  the  roots 
of  aah  and  Idlinii  popUn,  with  only  one  osk  ties  amoug  them.  1  found 
I  September  1856. 
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tlio  wires  and  wooden  boxing  had  failed,  and  had  been  renewed  for  sevenl 
yanlii  in  ])ai(^(i^K  every  single  oak  tree,  indnding  the  isolated  one  above 
niontioiH**!,  and  miwhere  eL«e. 

*  I  had  tlic  earth  removed  from  the  wires  at  yarions  {daces,  and  selectedt 
in  particular,  thiNW  spots  where  the  newly  replaced  wires  and  boxes  joined 
thi>  old  wir(>s  and  Ixjxes.  I  found  the  boxing  laid  down  in  March  last  in  t 
state  uf  deconiiMiMition,  whiUt  old  boxing,  put  down  some  two  or  three 
vuars  ago,  and  within  seven  yarda  of  the  same,  was  perfect  I  have  foond 
wires  {icrfectly  good  and  completely  rotten  within  seven  yards  of  each  other 
I'hiM  proved  the  a(rtion  to  be  locaL  My  attention  was  then  directed  to  the 
probable  cause  of  tlie  decay. 

*  <  )n  opening  the  first  part  where  the  wires  were  decayed,  I  observed  a 
r<>niarkable  peculiarity  in  the  soil ;  I  detected,  at  once,  a  whitish-lodkiiig 
plant,  resembling  the  8pawn  of  the  mushroom,  or  some  other  fiugns,  per 
vttding  the  soil  and  tilling  every  crevice ;  I  found  that  it  had  ntteriy 
destroyed  all  the  dead  roots  of  the  oalc  and  the  plants  in  the  hedge.  Iti 
hrauehcrt  8pn-ad  all  over  and  around  the  wooden  trough,  covering  it  with  a 
whiteness  resembling  a  whitewash.  I  found  that  wherever  the  plant  touched 
the  gutta-percha  wires  the  gutta-percha  was  rotten. 

*  On  my  first  noticing  tliis  peculiar  subterraneous  plant,  I  thought  it 
might  be  the  spawn  of  a  certain  fungus.  I  immediately  searched  for 
fungu^s  under  those  oak  trees  ;  I  found  a  yellowish  green  fungus  luxarir 
antly  growing  under  every  single  oak  without  exception,  but  not  one  under 
an  a.sh  or  other  tree. 

*  The  ])lant  poMcwes  a  powerftd  odour ;  after  breaking  soil  a  few  inches 
deep,  its  Kccnt  can  at  once  be  detected.  The  presence  of  the  plant  and  the 
decay  of  the  wires  I  found  coincident ;  the  absence  of  the  pUmt  and  a  awtf 
perfect  state  of  tlie  wires,  coincident  also. 

*  On  Tue8<lay  last  I  examineil  the  wires  between  Warwick  and  Birmmg- 
ham  ;  my  attention  was  tirst  directed  to  a  place  where  the  wires  passed 
under  a  very  Inr^e  oak  tree,  the  stem  being  i6  feet  in  circumference  at  3  ftet 
from  the  ground,  and  the  ])ranches  extending  45  feet  from  the  stem.  The 
tree  is  known  in  the  neighbourhood  as  Old  Parr's  Oak.  The  wires  untter 
this  tree  have  decayed  and  have  been  renewed. 

*  I  found  the  wooden  lid  of  the  testing-box  decayed,  and  covered  with 
both  dead  and  living  mycelium  of  a  fungus.  I  found  on  the  gutta-percha 
of  the  wires  in  the  2  feet  which  I  opened  two  portions  of  the  mycelium  of  a 
fungus,  each  in  area  about  the  size  of  a  penny-piece,  and  also  one  under  the 
lid  of  the  test-box. 

*  A  few  (lays  ago  I  examined  a  spot  near  Canterbury  where  the  gntta- 
percha  of  the  wires  had  entirely  decayed. 

*•  The  soil  was  pure,  clean,  sharp,  red  sand,  and  there  appeared  nothing  in 
?u('h  soil  to  induce  decomposition. 

*  But  at  that  s])()t  I  found  a  young  oak  tree,  which  could  only  derive  its 
nourishment  from  the  ground  through  which  the  wires  passed  ;  and  upon 
these  roots,  both  living  and  dead,  1  found  what  I  believe  to  be  the  myce- 
lium of  a  fungus,  the  same  as  that  which  I  discovered  under  the  oak  trees 
at  Berkhampstead.' 

Again  in  1858  he  wroto  : — 

*  1  beg  to  hand  you  several  specimens  of  gnttapercha-covered  wire,  and 
also  sheet  gutta-percha,  which  have  been  experimentally  subjected  to  the 
action  of  the  myceUum  oi  a  i\m^u?»— NVLAVka  ogaricus  campestns. 
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The  gutta-percha  was  placed  in  difierent  part?  of  a  bed  of  soil  5  ft.  6  in. 
'Wide  by  5  ft.  3  in.  long.  The  spawn  of  the  fuagus  was  placed  in  the  soil,  at 
intervals,  over  that  space,  in  the  month  of  September  1857. 

*  The  mycelium  traversed  the  whole  of  the  bed. 

*  The  gutta-percha  sent  has  not  been  touched  by  the  hand  or  a  tool  until 
exhumed  on  the  25th  of  January,  1858. 

*  The  several  specimens  sent  will  show  the  complete  destruction  of  gutta- 
percha by  the  mycelium  of  a  fungus,  and  prove,  I  trust,  the  correctness  of 
the  opinion  I  expressed  many  months  ago.' 

Mr.  George  Saward,  in  his  evidence  before  the  Submarine 
Telegraph  Committee  in  1861,  remarked,  that  in  an  examination 
of  the  London  and  Manchester  underground  wires  he  found  the 
gutta-percha  wires  decayed,  and  universally  the  case  wherever  oak 
trees  or  oaken  posts  drained  on  to  the  line.  A  remarkable  instance 
occurred  in  the  Edgware  Road,  where  a  series  of  posts  and  rails  were 
placed  along  the  side  of  the  road  to  protect  the  footpath,  which  is 
higher  than  the  other  portion  of  the  road.  The  wires  were  laid  in 
the  lower  portion,  and  it  being  a  gravelly  soil  any  drainage  trickled 
down  in  the  direction  of  these  wires.  More  than  a  mile  of  the  wire 
was  taken  up,  and  there  was  the  mark  of  every  post  along  the 
gutta-percha  where  it  was  taken  up ;  wherever  there  was  drainage 
from,  an  oak  post,  there  was  a  piece  of  decay. 

Attention  has  lately  again  been  turned  to  the  subject  of 
underground  telegraphy.  Germany  has  adopted  an  extensive 
undergroimd  system.  Daily  the  question  must  become  of  greater 
importance,  for  not  only  are  the  available  routes  by  road,  rail,  and 
canal  being  rapidly  filled  up,  but  each  winter,  with  its  storms  of  wind 
and  snow,  produces  such  serious  interruptions  that  communications 
have  frequently  been  impossible  between  the  metropolis  and  the 
provinces.  It  can  therefore  be  well  understood  that  reliable  commu- 
nication by  means  of  main  trunk  underground  lines  is  most  desirable.. 
In  1 87 1  the  Post  Office  laid  down  a  line  of  fourteen  wires  between 
Manchester  and  Liverpool,  aind  in  the  following  year  a  line  also 
from  the  centre  of  London  to  Hounslow.  An  extensive  under- 
ground system  also  exists  in  London  and  in  all  chief  towns.  Iron 
pipes  are  generally  used  in  towns,  buried  at  a  depth  of  about  one 
foot  six  inches;  and  stoneware  pipes  in  country  roads,  buried 
two  feet  deep.  The  diameter  of  the  pipes  depends  upon  the 
number  of  wires  to  be  carried.  Leaded  joints  are  employed  with 
iron  pipes,  but  clay  only  is  used  with  the  stoneware  pipes.  The 
guttapercha-covered  wires  are  formed  into  cables,  which  are 
drawn  into  the  pipes.  The  gutta-percha  wire  commonly  used  in 
England  is  of  No.  7  gauge,  and  is  composed  of — 

Copper  wire  (No.  18)       .        .        .     =  39  lbs.  per  mile 
Gutta-percha   .        .        .        .        .     =46  „        „ 
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In  European  cities  the  amount  of  underground  work  ie  small, 
and  is  only  carried  out  where  absolutely  neoessary.  In  Switnriind 
the  lines  cross  the  Alps  at  various  places  at  an  eleration  of  7^ 
feet,  and  the  plan  is  adopted  of  a  cable  consisting  of  the  neoeeaaiy 
number  of  p^ttapercha^coyered  wires  protected  mth  layen  k 
hemp  soaked  in  Ghatterton's  compound ;  the  whole  is  enclosed  in  a 
leaden  tube,  and  buried  in  the  ground  to  a  depth  of  from  two  to 
three  feet ;  the  cable  is  surrounded  by  sand,  and  corered  with  flat 
stoneSy  the  trench  being  filled  up  with  ordinary  graveL  In  Austzii 
the  cables  are  of  the  usual  insulated  wire,  covered  with  a  layer  of 
tarred  hemp,  and  protected  by  a  sheathing  ot  galvanised  iron  win 
^  in.  diameter.    In  Vienna  these  cables  are  buried  6|  feet  deep  id 
a  wooden  tube,  the  tube  being  filled  with  a  mixture  of  tar  and 
bituminous  lime,  and  of  these  wires  in  Vienna  not  a  single  one 
has  sufTered  any  injury  or  decrease  of  its  electrical  properties. 

In  Germany  cables  have  been  laid  covered  with  iron  wire  and 
placed  in  the  ground  without  any  further  protection ;  and  aczosB 
the  Andes  in  South  America  a  cable  was  laid  covered  with  Siemeai 
copper-strip  covering. 

(255)  Tbe  Bartb  Otrenlt. — It  had  been  shown  in  174717 
Watson  that  a  Lejden  phial  could  be  discharged  through  a 
circuit  one-half  of  which  consisted  of  moist  earth.  It  appean 
that  Steinheil  was  the  first  to  employ  the  earth  to  act  the  part  of 
a  conducting  wire  in  an  electro-telegraphic  circuit.  The  two  ex- 
tremities of  the  wire  of  his  telegraph,  constructed  by  him  at 
Munich  in  1 837,  were  attached  to  two  copper  plates  which  were 
buried  in  the  earth.  He  attributed  the  transmission  of  the  current 
to  the  direct  conductibility  of  the  earth. 

It  was  proved  on  a  larger  scale  in  1 841,  by  Cooke  and  Wheat- 
stone,  by  experiments  on  the  Blackwall  Railway,  that  the  earth  may 
be  successfully  employed  to  replace  one-half  of  the  conducting  wire, 
and  to  be  used  for  the  return  circuit.  In  fact,  they  found  that  the 
earth  offered  so  little  resistance  to  the  transmission  of  electricity  that 
the  same  pile  would  work  to  a  much  greater  distance  with  a  circuit 
half  wire  and  half  earth  than  when  altogether  wire. 

It  was  noticed  by  Bain  in  184 1,  whilst  engaged  on  some  experi- 
ments with  an  electro-magnetic  sounding  apparatus,  that,  if  the 
wires  were  not  perfectly  insulated  from  the  water,  the  attractive 
power  of  the  electro-magnet  did  not  entirely  cease  when  the  cii^ 
cuit  was  broken.  He  found  also  that,  when  a  plate  of  copper  was 
buried  in  moist  earth,  and  associated  through  the  galvanometer 
with  a  similar  plate  of  zmc  also  buried  at  a  considerable  distance, 
a  current  of  considerable  intensity  passed.  By  increasing  the  size 
of  the  plates,  he  not  only  obtained  powerful  electro-magnetic 
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^fiects,  hut  also  electrotype  deposits,  when  the  plates  were  more 
than  a  mile  apart,  and  he  found  that  the  battery  thus  formed  con* 
tinued  to  work  for  a  great  length  of  time. 

Matteucci  made,  in  1844.  numerous  experiments  on  the  con- 
ductibility  of  the  earth  for  the  electric  current  {Oomptea  HenduSf 
June  3,  1844).    He  made  the  current  from  a  single  Bunsen's  ele- 
ment circulate  in  a  copper  wire  9,281  feet  long,  and  through  a  bed 
of  earth  of  the  same  length ;  and  he  found  that  the  diminution 
"wluch  occurred  in  the  intensity  of  the  current  was  such  that  the 
resistance  of  the  bed  of  earth  must  not  only  be  regarded  as  nothing, 
but  that  further  the  resistance  of  the  copper  wire  entering  into  the 
mixed  circuit  must  be  considered  as  less  than  that  presented  by  the 
same  wire  when  it  .enters  (done  into  the  circuit,  thus  confirming  the 
previous  observations  of  Oooke  and  Wheatstone.  Matteucci  regards 
Hie  earth  as  a  conducting  mass  of  varying  resistance,  its  great 
volume  making  up  for  its  inferior  conductibility,  and  he  quotes  the 
following  experiment  as  conclusive  against  the  hypothesis  that  the 
two  electric  charges  liberated  at  the  extremities  of  the  pile  always 
find  a  means  of  difiiising  themselves  into  the  earth,  which,  being  a 
universal  reservoir,  succeeds  in  neutralising  their  charges  with  its 
natural  fiuid  decomposed  by  the  free  end  of  the  pile  {Omiptes 
Jiendtu,  January  11,  1846): — 

'The  circuit  of  a  pile  of  loBunsen's  elements  was  established  by  plnnging 
the  two  poles  in  two  wells  160  metres  apart,  a  galvanometer  being  in  the 
circait  to  ensure  the  passage  of  the  current.  In  this  interval  were  two  other 
wells,  almost  in  a  straight  line  with  the  two  extreme  wells.  The  distance 
between  these  two  wells  was  30  metres ;  they  were  distant  from  the  two  ex- 
treme wells,  one  80  metres,  the  other  5a  The  extremities  of  a  good  long 
wire  galvanometer  were  plunged  into  the  two  intermediate  wells ;  the  cur- 
rent was  thus  passed  in  the  long  circuit,  when  a  deviation  of  35°  or  40°  was 
instantly  obtained.  On  reversing  the  direction  of  the  current  in  the  long 
circuit,  that  of  the  dented  circuit  was  likewise  inverted.  This  is  precisely 
what  ought  to  be  the  case  if  we  admit  that  the  electric  current  is  transmitted 
in  the  ordinary  manner,  whilst  it  cannot  be  conceived  under  the  other 
nypothesis.' 

The  earth  is  regarded  by  many  as  a  reservoir  or  drain,  in  which 
ther  positive  electricity  on  the  one  side  and  the  negative  on  the 
other  are  absorbed  and  lost. 

Thus  let  A  (Fig.  360)  represent  the  cell  of  a  voltaic  batteiy;  p  and  n 
being  its  two  poles  united  by  a  metallic  conductor.  According  to  the  theory 
of  Ampere,  the  electricity  set  free  at  the  positive  pole,  meeting  with  a  resist- 
ance in  the  conducting  wire,  decomposes  the  neutral  electricity  of  the  nearest 
molecule,  attracting  the  negative  and  repelling  the  positive ;  the  positive 
fluid  of  the  first  attracts  the  negative  electricity  of  the  second,  and  repels 
its  positive ;  this  again  acta  on  the  neutral  electricity  of  the  third,  and  so 
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on,  the  (l(K>ompo8ition  proccodinf;  step  hy  step,  the  positive  cilectridty  of  tto 
Innt  nioleculp,  />,  beinj?  neutralised  by  the  negative  dectridtj  emaaitiin; 
from  the  .H  {K>1e  of  the  battery. 

Immediately  succeeding  the  first  series  of  deoompositioQS  is  a  Moond 
mrics  of  reoompomtions ;  the  last  n^^tive  molecale,  n,  being  sepantBi 
from  itx  associated  positive  molecule,  and  thus  beooming  f^  now  oomUiMi 
with  the  positive  molecule  whidi  precedes  H,  the  negative  mokciile  of 
which  combines  with  the  positive  immediately  behind  it.  and  so  on,  skepl; 
step. 

Suppose  now  the  metallic  circuit  to  be  broken  between  two  free  moleeuln 
-*-  p'  on  the  positive  side,  and  +  —  n'  on  the  negative,  and  that  a  comnum- 
cation  be  made  with  the  earth  through  the  metallic  plates  b  and  c   Hi 

Fig.  360. 


positive  molecule  will  be  brought  into  contact  with  an  enormous  reservoir, 
iiito  which  it  will  flow  without  meeting  with  any  resistance ;  it  will  not 
therefore  exercise  any  decomposing  action,  being  in  fact  simfdy  absorbed. 
The  preceding  negative  molecule,  being  again  set  free,  will  immediatelj 
combine  with  the  contiguous  positive  molecule,  and  the  same  thing  happens 
at  the  negative  end  of  the  battery.  A  dovbk  series  of  decompositions  and 
recompositions  thus  take  place,  and  this  only  in  one-half  of  the  circuit ;  the 
resistance  is  consequently  reduced  one-half,  that  is,  the  intensity  of  the 
current  is  doubled. 

The  following  explanation  of  the  manner  in  which  the  earth 
acts  when  forming  part  of  a  circuit,  is  given  by  Gavarret  {TiU- 
tjraphie  Electriquej  p.  35)  : — 

*  The  poles  of  a  batterj'  when  disconnected  have  equal  and  contrary  ten- 
sions. When  insulated  conductors  are  placed  in  contact  with  them,  they 
themselves  become  the  poles  of  the  battery,  which  furnishes  a  snfGknoat 
current  to  charge  them,  but  not  of  sufficient  duration  to  move  a  galvano- 
meter needle. 

*  If  the  conductors  are  enlarged,  the  time  occupied  in  charging  them  will 
increase,  until,  as  they  are  stUl  further  enlarged,  a  limit  will  be  reached  st 
which  the  flow  of  electricity  into  them  will  last  long  emmtgh  to  affect  the 
galvanometer ;  and  when  the  conductors  become  infinitely  long  or  infinitely 
large,  the  time  occupied  in  charging  them  also  becomes  infinite,  or,  in  other 
words,  the  current  will  pass  precisely  as  if  the  poles  were  connected. 

*  Thus,  when  the  extremities  of  a  circuit  are  connected  to  the  earth, 
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Wbich  U  an  infinitely  Itige  condacCoT,  tlieir  respective  teriBion)  are  difTusfd 
in  all  directiang  iiithout  prodacing  nny  appreciable  tension  in  the  earth 
Itad^  so  that  the  cnireot  will  continae  to  flow.' 

Matteucd's  TiawB  are  those  which  are  generally  adopted. 

(Z56)  Tbe  Hone  Vrlntlnv  TelafTBpIi. — This  instrument, 
irUch,  slightly  modified  and  impiored,  is  of  all  tbe  forms  of  tele- 
gmphic  apparatus  hitherto  invented  l^e  most  extensively  used, 
mw  conceived  by  Professor  Moras  in  1S32,  though  it  does  not 
Kfipeat  that  he  can  lay  claim  to  an  earlier  date  than  1837  for  its 
actual  construcdon  (Moigno,  TfUgraphie  EUctriqae).  The  oiij^nal 
contrivance  included  a  pen  at  one  end  of  a  wire,  which,  as  contact 
■WiB  made  and  l^oken,  producpd  an  arbitrary  alphabet  of  dots  and 
dashes  representing'  definite  characters. 


the  Bides  of  which  are  pierced  horiionlally 
,  sharp  and  tempored  steel  points,  betneeo 
mov™  with  as  little  friction  se  possible.  To  one  of  the 
le  lever  1b  soldered  the  atmatnre  of  the  electro-magnet ; 
the  other  end  carries  One  or  more  steel  poials,  which  fit  corresponding  holes 
in  a  sleel  oylioder,  onder  which  a  sheet  uf  paper  to  receive  the  transmitted 
message  paaseH,  being  nnwound  regalarly  by  clockwork.  The  K'^vanlc 
enTTent  being  established,  the  armature  c^  the  electro -magnet  is  attracted, 
and,  at  the  same  momeDt,  (he  points  at  the  opposite  end  of  the  lever  come 
into  contact  with  the  <7linder,  and  make  msTltB  on  the  paper  of  greater  or 
less  length,  aonrding  to  the  interval  of  time  elapsing  between  the  making 
and  breaking  of  the  circuit.  To  secure  the  rapidity  and  certainty  of  the 
contacts,  a  metallic  plate,  jj,  is  fixed  across  the  bimd  oo,  carrying  two 
screws,  tbe  eztremitiea  of  which  serve  to  regulate  the  motion  of  the  lever, 
and  to  keep  it  within  certain  qutow  limits,  juat  sufficient  to  secure  eiact- 
tina  and  legnlarity.    The  paper  is  in  nne  continuous  length,  and  ia  wouud 
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tiehtly  round  a  wooden  cylinder,  flrom  which  It  is  afterwards  cot  into  ciMf 
venient  lengths. 

The  operation  of  the  instmment  is  as  follows:— Mofcioa  is  ginnto  thB 
drum  or  barrel  b  (Fig.  36a)  in  the  direction  of  the  arrow  by  a  ini^ 

attached  to  a  oord  sfiting  oi 
^'  3^  wheelwock  withhi;  thimotki 

is  oommimieated  tliioo(^  1 
series  of  intermediate  whedi  ti 
the  cylinder  b,  between  wbiA 
and  the  cylinder  r  the  ?a^ 
passes;    F   is  kept  in  ckn 
OMitact  with  B  by  mesos  d  a 
spring ;    s  is  the  steel  eylis* 
der    nndemeath    whidi  tbe 
paper  passes,  and  b  is  cos  of 
the  steel  points  attached  totte 
lever  l  (Fig.  361) ;  the  polky 
Q  receives  motion  in  the  dine* 
tion  of  the   arrow  from  the 
pulley  R  in  the  centre  of  the  barrel  B.    It  carries  on  its  axis  a  horisontii 
arm,  if,  which  in  immediately  under  the  lever ;  it  is  bent  at  d  so  as  to  come 
into  contact  with  the  wooden  fHction-wheel  c  at  the  point  p.    This  fHctko- 
whcGl  is  tixed  under  the  last  screw  of  the  machine,  and  below  the  leva. 
From  the  lever  l  proceeds  a  strip  of  metal.  A,  which  traverses  the  snn  h  ; 
a  Rcrew^  and  nut,  I,  jilaced  at  the  extremity  of  the  rod  serving  to  lengthm  or 
shorten  it.    It  must  act  fVeely  at  its  point  of  junction  with  the  lever,  as  wdl 
&»  at  its  iKiint  of  junction  with  the  screw  h  ;  it  also  works  a  hammer,  which 
striking  a  bell  below  the  platform  of  the  apparatus,  warns  the  operttu 
when  a  signal  is  about  to  be  transmitted. 

Now  as  long  as  the  bent  arm  h  d  is  in  contact  with  the  friction-wbed, 
the  whole  machine  is  at  rest ;  but  when  by  the  action  of  the  electro-magnet 
on  the  lever  the  rod  a  is  raised,  the  weight,  being  no  longer  restrained,  gives 
motion  to  the  barrel  b,  and  the  apparatus  is  put  in  action,  but  is  again 
stopiK'd  tlic  instant  the  bent  arm  touches  the  fHction-wheel.  In  this  way 
the  oiiorator,  both  near  and  at  a  distance,  has  perfect  control  over  the  in- 
Htruinent. 

The  key  or  apparatus  for  opening  or  shutting  the  circuit  is  shown  in 
Fig    6,  Fig.    363.     K    is    a    brass  lever, 

having  at  the  extremity  of  the 
longer  arm  a  button,  p,  of  inf- 
lating material,  and  at  the  other 
a  screw,  v,  which  passes  through 
the  lever,  and  the  point  of  which 
can  be  adjusted  to  any  degree  of 
projection.  A  steel  point,  C,  is 
attached  beneath  the  longer  ann 
of  the  lever,  and  two  contact  pieces 
of  brass,  a  and  6,  are  fixed  beneath 
these  points.  A  small  spring,  r, 
serves  to  keep  the  lever  in  its 
normal  position,  v  being  in  contact  with  a,  and  t  separated  fi:t)m  6.  The 
lever  is  in  connection  with  the  line  wire  through  the  fulcrum  s  and  the  bind- 
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ng  screw  o ;  6  is  in  eoonectioii  with  the  positive  pole  of  the  battery 
hrongh  b  ;  and  a  is  in  ocnnection  with  the  instrument  through  a.  When  v 
aidaaie  in  contact,  a  current  coming  from  the  distant  station  passes  from  v 
»  a  and  to  the  earth  through  the  instrument.  When  the  button  p  is 
iqpareonod,  a  positive  current  is  transmitted  on  the  line  to  the  distant  station, 
ind  a  series  of  currents  of  different  duration,  and  at  various  intervals,  can 
Qras  be  transmitted,  produdng  corresponding  signs  on  the  receptor  of  the 
Bistant  instmment. 

The  Morse  code  is  framed  on  the  combination  of  a  long  and  a 
ihort  CHiient  of  the  same  kind,  separated  bj  intervals  of  three 
different  leng^ths ;  the  shortest  used  between  each  current^  the 
neact  between  each  group  representing  a  letter^  and  the  longest  be- 
tween each  series  of  letters  representing  a  word.  Reverse  currents 
have  been  used  to  produce  those  intervals,  and  an  alphabet  formed 
of  groups  of  positive  and  negative  dots.  A  Morse  code  common 
to  iXL  usual  languages  is  now  almost  universally  adopted.  The 
foIlowiDg  is  that  in  use  in  our  Post  Office  telegraphs : — 


A 

B 

C 

D 

E 

F 

G 

H 

I 


The  Alphabet. 

K 

L 

M 

N  — - 

O 

p 

Q 

R 


S  -- 
T  — 
U-- 

V  -- 
W-- 
X'— 

Y  — 
Z  — 


8 

4 


Numerals. 


6 

6 


9 

0 


Bar  of  Division,  for  fractions  (as  in  §),  — 
Do.  for  shillings  (as  in  2/3), 


Punctuation,  &c. 


Comma  (,)-"" 

Full  stop  ( . ) 

Break  Signal  (between  the  \ 
address 'To '  and  the  text) ) 

Interrogation  (?) 

Hyphen  (-) 

A.po8trophe  (') 

Fresh  Line 

[Jnderlined 


Parenthesis  (  ) 

Inverted  commas  ("  ")  - 

Understand 

Rub  out 

Go  on 

Wait 

Kght ^ 

Cleared  out —  • 
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(257)  Relajfl. — ^Theee  are  iostmmeDts  designed  to  re-traiuHmt 
sifrnalfl  into  a  fresh  circuit  from  a  local  lottery.    In  the  ongiml 
form  of  the  Morse  instniments,  considerable  force  was  reqmied  to 
emboss  the  sip^als  on  the  paper,  and  the  currents  recdyed  at  the 
station  from  long  distances  were  found  not  of  sufficient  power  to 
produce  the  required  effect  Belays  are  of  Yarious  forms  *,  for  roogh 
work,  an  instrument  of  the  simplest  construction  is  used  in  France 
( Fig.  364).  A  soft  iron  hollow  cylindrical  armature  on  one  end  of  a 
ri>cking  lever  is  attracted  downwards  by  the  two  poles  of  an  upiigbt 
horseshoe  electro-magnet  during  the  passage  of  a  current    An 
antagonistic  spiral  spring  lifts  the  armature  again  when  the  current 
ceases.     This  spring  can  be  adjusted  by  a  screw.     The  contacts 
required  are  on  the  rocking  lever.    A  good  relay  should  possess 
the  following  properties  (Jury  Report  on  Electricai  InstrumentSf 
Lit ernational  Exhibition,  1862): — It  should  be  easily  adjusted,  so 
as  to  work  with  any  required  strength  of  positive  or  negative  cu^ 
rent.     It  should  work  freely  under  the  influence  of  an  extremelj 
small  rise  and  fall  of  current  above  and  below  the  strength  of  ca> 
rent  to  which  it  is  set,  and  when  once  adjusted  to  a  given  strength, 
it  should  ■  e  constant — ^that  is  to  say,  should  always  work  with  the 
same  rise  and  fall  above  and  below  the  strength  to  which  it  is  set 
The  moving  parts  should  be  very  light,  and  traverse  the  shortest 
possible  space,  in  order  to  allow  rapid  work  under  the  influence  of 
small  forces.  '  Finally,  the  contacts  should  be  so  arranged  as  to  he 
easily  adjusted  and  cleaned. 

The  condition  of  constancy  in  a  relay  is  extremely  difficult  to 
fulfil  where  electro-magnets  are  used,  in  consequence  of  the  resi- 
dual ma^etism  of  the  soft  iron  cores.  A  negative  signal  occurring 
after  a  series  of  positive  currents,  or  after  a  long  positive  current, 
does  not  produce  the  same  effect  on  the  soft  iron  as  a  negative 
signal  occurring  after  a  series  of  negative  currents,  or  after  a  long 
negative  current,  and  neither  effect  will  be  the  same  as  that  pro- 
duced by  the  first  few  currents  received  after  the  soft  iron  has 
been  for  some  time  free  from  all  electric  influence.  This  difficulty 
has  led  to  the  adoption  of  polarised  relays. 

A  view  of  a  complete  Morse  instrument,  with  the  relay  which 
has  been  extensively  used  throughout  Europe,  is  given  in  Fig. 

364. 

E  is  an  electro-ma^ et  wound  with  a  great  length  of  fine  wire,  having  a 
resistance  ordinarily  of  about  120  miles ;  a  metallic  support  h  carries  a  lever 
D,  to  one  end  of  which  is  attached  a  soft  iron  armature  a'  in  the  form  of  a 
8] .lit  tube,  with  the  view  of  getting  rid  of  residual  magnetism  as  far  as  pos- 
sible from  the  part  which  ai)proaches  the  electro-magnet ;  the  other  end  of 
the  lover  works  between  the  iwints  of  the  two  screws  f  and ^ ;  ^is in?u- 
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lato(l  and  Bupportcd  by  the  hollow  pillar  o' ;  /  is  connected  with  •  nd  of 
metal  iiwide  this  pillar,  and  insulated  ftom  it.  A  spiral  spring  /  is  Boosted 
so  as  to  draw  d  away  from  /  when  in  a  state  of  repose,  and  f'wto  adjusted 
that  when  the  armature  a'  is  attracted  by  the  electro-magnet,  they  caimot 
touch  one  another,  being  prevented  by  the  contact  between  f  and  d'  ;  d'  k 
in  conuGction  with  the  sine  of  the  local  battery  through  h  and  z ;  /  is  in 
connection  through  f',  and  e  with  one  end  of  the  coil  of  the  etoctro-magDet 
E,  which  works  the  apparatus.  The  copper  pole  of  the  local  battery  is  in 
connection  with  the  other  end  of  the  coil  of  s  through  e  and  d 

Tlie  current  ftom  the  distsnt  station  airiyes  at  L,  passes  to  e,  and  throng 
thecoilsof  the  relay  magnet  to  (4  and  so  to  the  earth  through  T;  k*  becomes 
magnetic,  attracts  a'  and  makes  contact  between  d'  and/*,  thus  completing 
the  circuit  of  the  local  battery  through  the  electro-magnet  x.    The  electro- 
mafniet  e  has  an  armature  A  which  is  attached  to  a  lever  d,  a4justed  in  the 
same  manner  as  d',  by  two  screws  f  and  g,  insulated  from  one  another,  and 
a  ppiral  spring  r ;  the  other  extremity  of  d  carries  a  screw  point  t  placed 
opIMifiite  to  a  groove  in  the  barrel  6,  and  adjusted  so  as  to  be  in  contact  widi 
it  when  e  attracts  A.    A  ribbon  of  paper,  about  half  an  inch  wide,  is  coiled 
on  the  drum  k,  passed  through  the  guide  «,  under  the  spindle  o,  and  be* 
twecn  the  two  rollers  b  and  o,  which  grip  the  paper  between  them  and  draw 
it  tliniugh  at  an  uniform  rate  as  a  rotates  by  the  action  of  dockwork  inside 
the  metal  case  b.    The  clockwork  is  set  in  motion  or  shopped  by  moving  the 
lever  k  to  the  right  or  left. 

To  receive  a  message,  the  dookwork  is  set  in  motion,  and  as  each  pulsa- 
tion of  electridty  which  arrives  from  the  distant  station  communicates 
magnetism  to  E,  through  the  means  of  the  relay  and  local  battery,  it  attracts 
A  with  considerable  force,  and  presses  the  point  of  y  into  contact  with  the 
paper  ribbon  as  it  is  drawn  through  the  rollers,  and  according  as  the  dora- 
tion  of  the  current  of  electridty  is  longer  or  shorter,  a  longer  or  shorter 
mark  is  embossed  on  the  paper.  The  moment  the  current  ceaseei,  the  spring 
r  draws  the  point  away  again  from  the  paper. 

InHtead  of  embossing  the  signals  on  the  ribbon  of  paper  by 
mechanical  pressure,  the  paper  may  be  saturated  with  a  solution 
of  ferrocyanido  of  potassium,  and  caused  to  pass  over  a  braas 
wheel  in  connection  with  the  positive  pole  of  the  local  battery, 
the  negative  pole  being  connected  with  an  iron  point  which  is 
kept  in  contact  with  the  paper  by  a  spring.  A  chemical  decom- 
position is  thus  produced  by  every  current  which  passes,  Prusnan 
bliie  being  the  result,  in  which  colour  the  signals  are  printed. 
This  method  was  invented  by  Mr.  Bain  in  1845.* 

(258)  Siemens'  Polarised  Relay. — In  this  relay  the  arma- 
ture and  the  soft-iron  cores  of  the  electro-magnet  are  oppositely 
polarised  by  contact  with  a  permanent  magnet.  Fig.  365  is  a 

1  This  process  has  again  been  revived,  and  many  of  the  long  drcuits  in 
the  United  Kingdom  worked  by  the  Wheatstone  automatic  have  a  Bain 
receiver.  Its  use  is  found  to  increase  the  speed,  as  it  is  more  sensitive  than 
the  mechanical  receiver  ordinarily  used. 
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sectional  Tiew  in  tlte  direcdon  of  the  armiiture,  and  Fig.  366  a 
top  -view. 

The  perpendiculn  electra-migaet,  B,  la  composed  oF  two  corea  of  soft 
iron  united  below,  Id  the  otdineiy  manner,  by  a  croe»-biir.  A,  aJio  of  Bofl 
iron.  The  coila  of  wire  tennlnale  at  the  ecrews  i  and  3.  The  oorth  end, 
M,  of  on  angular-bent  permaoaQt  magnet,  s  a,  ia  screwed  on  to  the  crois-ljnr, 
A,  to  whicb  it  commnnicatea  north  polarity  beyond  the  point  of  contact, 
ftnd  also  to  both  the  eoree  and  potea  of  the  electro-magnet,  E.  The  aoft  iron 
tongne,  C,  ia  soppoited  on  ta  axis  Id  a  elit  in  tbe  aouth  end,  a,  of  the  per- 


manent magnet,  and  thus  receivea  aonth  polarity.  This  ton^a  ia  bo  plared 
tbat  it  may  ceciUate  between  the  polea,  n  and  n',  of  the  electro-magnet.  Ita 
play  ia  limited  by  the  conlacta  D  and  n'.  d  ia  uaed  as  a  contacl  tor  cloeing 
the  local  circDit,  ia  whicb  are  included  the  printing  instrument  and  the 
local  battel^',  when  the  tongue,  c,  atrikefl  ag^nat  it.  d'  ia  furnished  with  an 
agate  poinl^  and  while  the  tongue  reala  gainac  it  the  local  circuit  is  open. 
A  and  B  are  the  terminal  acrewa  of  tbia  circuit. 

WhUst  it  is  aitnated  equidiatant  from  both  the  north  polariEed  ends,  n 
and  m",  of  the  rlectru-magnet,  the  south  polarised  tongue,  c,  is  attracted 
towards  each  rf  them  with  equal  force.  When,  at  the  sending  station,  tie 
key  is  prewed  down,  the  current  paases  through  the  line  and  relay,  which 
has  t^e  ethct  of  magnetising  the  pule  n  of  the  electro-magnet  north  and 
the  pole  v'  south  i  hot  as  hotb  poles  were  prerioaaly  north  by  the  inflaence 
(rf  the  permanent  magnet,  B  a,  the  effect  of  the  current  ia  to  strengtben  the 
north  nugnetlBoi  of  n,  and  at  the  game  time  to  weaken  only  thai  of  h'.  The 
tongue,  c,  is,  thetefbre.  attrsoted  to  the  pole  s  with  double  force,  and  re- 
mains on  that  Bide  after  the  ceesatlon  of  the  carrent.  attracted  by  the  pole  a, 
whose  distance  twm  cis  then  lesatban  that  of  n'.  The  platinum  contact  of 
o  temalni  agajnat  t>,  and  closea  the  local  dieuit  until  the  key  at  the  trans- 
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mltllnf;  »tiUnn  It  let  go  buk  aimi  the  reposing  contact,  by  vUdi  t  numl 
in  th«  0|<pO'ile  dirtctloo  i«  truiinllted  thrangh  tht  nUy,  hiving  the  » 
verM  efl^t  of  the  luC  current,  gtrengthening  the  north  mignetiBni  of  t! 


bring  the  tonffue,  c,  when  in  contact  with  D,  nesrer  to  s'  than  to  n.  Bv  lb 
arrangemnnt,  nheo  no  current  passes,  the  contact  of  c  is  alwafa  b'i  re 

leavee  it  whcQ  &  curreat  arrives,  which  etren^henB  the  ma^etism  of 
and  weakens  or  reverses  that  of  n'.  Thus  the  ciHint«ractiO|;^  spring  tuad . 
the  common  form  of  relay  is  dispensed  with,  lieing  replaced  bj  the  oneqa 
attraction  of  the  poles. 

Various  otlier  forms  of  relay  are  in  use,  but  moat  of  thrai  ai 
baaed  on  tbe  same  principle  as  Siemens'. 
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(259)  BladllloattitD  of  the  Blorsa  Ituitmm«nt  by  Bleinaiia 
Id  Hatake. — The  signaJa,  instead  of  being  embossed  on  the  paper 
prefiBurej  ore  piinted  in  ordinary  piinter's  ink,  origuially  suggested 


John  ID  1854.  The  mechanism  bj  which  this  is  etFecled  is 
own  in  Fig.  367,  which  representa  the  recordiag  part  of  the 
stniment,  the  remainder  being  idenUoal  with  Fig.  364. 

■  is  ■  small  wheel  which  revolvra  on  its  «ii«  at  an  tinitorai  rate  by  the 
tion  of  the  same  clockwork  wiiicii  anwinds  tbe  ribbon  of  paper )  (  is  an 
c  roller,  by  which  ihs  edge  of  n  is  tept  constantly  supplied  witb  ink.  L 
tiie  pen  lerei,  wliich  Is  made  very  light,  and  eaniea  at  Ita  extreniitf  a 
all  pngection  p,  on  which  the  paper  is  supported  as  it  is  wound  off  the 
iL  The  height  of  j)  is  so  r^nlated  by  the  adjusting  screw  0,  that  the 
per  passes  jnstbelov  n  without  touching  it. 

When  a  cnirent  of  electrici^-  circulates  through  Che  electro-magnet.  It 
Tacts  the  armature,  moTes  the  lever  l,  and  raises  the  ribbon  of  paper 
lich  rests  on  p  until  it  touches  (he  edge  of  n,  when  either  a  ilirf  or  a  dmh 
printed,  aceordmg  to  the  duratioD  of  the  current. 

Tbe  amount  of  work  10  be  done  by  the  electro-magaet  in  this  arrangement 
very  small ;  it  has  only  to  lift  an  inch  or  two  in  length  of  tbe  libboo  of 
pertlirongh  the  dislance  of  about  one-twentieth  of  an  iuch  ;  consequently 
i  cuirent  airiTing  by  the  line  wire  from  a  distant  station  has  anfGcient 
ce  to  work  the  apparatus,  and  the  relay  and  local  battery  cau  be  dispensed 
ib. 

Sereral  improvements  on  the  original  method  of  supplying  the 
iotin^  ink  have  been  devised.    Thus,  instead  of  a  moistened 
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foil  roller,  Siemens,  Halske,  and  Oo.  cause  a  disc  to  Iw  half  im* 
inenied  in  a  trough  of  ink,  which  is  kept  at  a  constant  level  loy 
tiltinf?  more  or  less  a  large  receiver.  The  disc,  as  it  reyohes  hi 
the  inkstand,  is  always  equally  wet,  and  the  refilling  of  the  re8e> 
voir  need  not  cause  either  dirt  or  delay.  It  revolves  in  a  direction 
reverw^  to  that  of  the  paper. 

(260)  Very  early  attempts  were  made  to  print  messages  in 
roman  t3rpe,  and  several  very  ingenious  instruments  were  devised 
by  "yMieatstone,  House,  Dujardin,Theiler,  and  others,  but  the  only 
one  that  has  met  with  practical  success  is  Professor  Hughes's. 

(261)  Koffbea'a  Type-piiattiiff  T«lefrapli. — ^In  this  instm- 
mont  each  letter  of  a  message  is  recorded  by  a  aingle  eunent 
only.  To  accomplish  this,  several  requisites  axe  necessaiy:— 
I .  S}'nchronous  motion ;  2.  An  electro-magnet  by  which  the  tinung 
of  the  electrical  wave  may  be  accurately  measoxed ;  3.  A  writing 
apparatus,  by  which  the  message  may  be  conectlyy  rapidly,  snd 
easily  transmitted ;  4.  A  printing  apparatus,  by  which  the  opcnstor 
can  record  the  message  unerringly  upon  hia  own  instrumeDt,  as 
weU  as  upon  the  one  at  the  distant  station.  The  instrument  is 
governed  by  a  vibrating  spring.  It  is  a  well-known  law  lliat  & 
certain  number  of  vibrations  produces  a  certain  musical  tone; 
therefore,  if  two  or  more  springs  have  the  same  tone,  they  must 
necessarily  have  the  same  number  of  vibrations  in  the  same  time. 
The  instruments  are  kept  in  motion  by  a  weight  acting  upon  a 
train  of  wheels,  the  spring  govenior  acting  upon  them  by  means 
of  an  ordinary  escapement.  These  vibrations  may  succ€^  each 
other  with  any  degree  of  rapidity  required.  They  are  regulated 
by  a  small  weight  attached  to  a  spring,  and  raised  or  lowered  until 
the  number  of  vibrations  or  the  desired  tone  is  produced. 

The  working  parts  of  this  instrument,  which  is  one  of  the  most 
perfect  printing  telegraphs  that  have  been  invented,  are  shovtm  in 
Fipfs.  368,  369,*  where  A  is  the  keyboard ;  B  the  vibrating  spring; 
c  the  electro-magnet ;  D  the  detent ;  E  the  type  wheel ;  p  lie  ink 
roller ;  g  the  paper  printed  upon ;  H  the  revolving  shaft ;  i  the  re- 
volving arm  or  circuit  closer. 

(a)  The  Magnet. — ^This  is  of  peculiar  construction.  A  permanent  magnet 
polarises  the  cores  of  an  electro-magnet,  and  holds  the  armature  in  contact 
with  its  poles.  A  spring  is  attached  to  this  armature,  and  so  adjusted  as  to 
exert  a  counteracting  power  a  little  weaker  than  the  force  of  magnetic 
attraction.  If,  therefore,  the  magnetic  force  be  diminished,  the  armature  is 
removed  from  the  poles  of  the  magnet  by  the  force  of  the  spring.    The  ar- 


^  Journal  of  the  Society  of  Arts,  April  15, 1859,  paper  by  Mr.  Hyde,  from 
which  also  the  above  description  of  this  telegraph  has  been  extracted. 
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Dgement  it  aoch  that  tbe  cnncnt  of  elsctricit^  paniiig  thmigb  ths  coil 
tum  the  drcoit  is  completed,  indnoea  an  apposite  msgnetinn  to  ttutt  oT  tlie 
magnet    The  electrical  force,  thereron,  which  vorkB  thisinstru- 


lerit  need  not  be  Hofficifint  to  uduce  such  a  degree  of  magnetdsm  aa  to 
Bder  the  core  guffloienlly  magnetic  to  attnot  an  armature  to  Ita  polea — 
le  praeUce  In  all  othor  iMordiag  telegraphs.    For  Imtance,  if  the  cana  of 
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the  clrctm-mmiiet,  poUilaed  bf  tlia  pannanvat  nugnet,  hm  ■ 

odjiuUd  vith  ID  c^tporiBg  tarn  of  aiM^  thea  a  nuTOit  of  nu  n 

tuTct  of  the  electio-Dugnet  would  stoM  tlia  apriug  to  rin  iritli  1 


lijiii  Ch«  KdnntBge  of  being  acted  iqim  b^  Uie  mailmnm  power  of  Uie  dt 
mii^^Gt,  initend  of  ■  power  luKind  by  more  Uiaii  the  vqiure  of  Uis  diitn 
I  he  smiatuto  hu  to  be  atbscted,  aa  lathe  oan  with  the  lelaj  magnetiiai 
in  (imnectioo  with  the  Hone  and  other  nttema. 

(6)  TbTVnantiHii^^fiparahu,— lie  Ictten  of  the  alphabet,  lawall 
n  dot  and  a  Idank,  ire  marked  OD  twaoty-elglit  key,  airasged  like  ttot 
a  Pino.!,  wivfl  that  they  are  alternatelr  black  and  whit&    Then  bga  oq 


Fi«.3S». 


Tf  siKiml  to  tw»nty-eiBht  holes  airanged  in  a  cirde  on  the  horiionUI  floor « 
tHlilc  of  the  inHtrument,  immidiBtely  in  front  of  the  keve.  Each  kej  ja  on- 
ticcted  by  a  livei  with  ■  little  at«el  knob,  nhich,  when  the  kej  is  prwaed 
ihiwn  by  the  Anger,  rises  up  through  one  of  the  holes.  If  a  key  nutked 
with  a  particular  letter  be  touched,  the  knob  corresponding  with  thia  Mat 
risisi,  the  revolving  aim  paases  ov^  it,  and  for  the  instant  cloaea  the  dnail, 
snil  allows  an  oloctrica!  impulse  to  be  transmitted.  Thia  impulae,  bj  airange- 
iiient-  prasently  to  be  dcacribcd,  causes  the  particular  letter  to  be  iHsuded 
on  a  slip  ot  paper  in  prinler'a  ink.  The  instant  the  arm  pasaea  over  Ot 
little  raised  knob  the  circuit  is  broken,  and  if  the  finger  were  held  tbe 
hundredth  part  of  a  minute  on  the  key.  the  hand  would  pasa  again  over  Ll» 
knob  and  the  letter  would  be  repeated.  To  prevent  thi«.  the  hand  canis 
alter  the  ]>i>rtion  ot  it  which  ridea  aver  the  knob  and  completes  the  metallir 
cHjutoct  which  cknea  the  electrical  circuit,  n  little  inclined  [dane,  wbirh 
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hiows  the  knob  out  of  its  positioii,  bo  that  the  hand  cannot  pass  over  it  on 
inj  fhture  revolution  after  the  first  contact.  This  arrangement  is  rendered 
lecessary  to  prevent  the  repetition  of  letters,  on  account  of  the  extreme 
cftpidity  of  the  revolving  arm  and  recording  apparatus. 

(c)  The  Printing  Apparatus. — A  shaft  which  revolves  seven  times  fastei 
Qian  the  type  wheel,  has  a  flywheel  upon  it  to  overcome  the  inertia  of  a 
small  shaft  which  moves  the  printing  press.  This  shaft  is  locked  to  the  fly- 
wheel shaft  by  means  of  a  clutch  which  rests  on  a  small  inclined  plane. 
Whenever  this  clutch  is  kept  upon  the  inclined  plane,  by  means  of  a  detent, 
tile  flywheel  shaft  revolves  independently  of  the  small  printing  shaft ;  but 
■8  soon  as  the  detent  is  moved  by  the  action  of  the  armature  of  the  electro- 
magnet, the  clutch  locks  both  shafts  together,  and  the  small  shaft  is  made 
to  lerolve  one  revolution,  when  .the  clutch  again  rests  upon  the  inclined 
plame,  which  lifts  it  off  the  flywhed  shaft.  A  cam  is  attached  to  one  end  of 
thiB  shaft  which  lifts  the  press  and  the  paper  upon  which  the  message  is  to 
be  printed  against  the  type  wheeL  The  time  of  the  locking  of  the  shafts 
depends  upon  the  arrival  of  the  electrical  wave,  and  thus,  with  two  instru- 
ments in  perfect  harmony,  the  operator  has  the  printing  apparatus  of  the 
distant  instrument  as  completely  under  his  direction  as  the  one  before  him. 
But  to  correct  any  minute  variation  in  time  between  the  instruments  in 
circuit,  there  is  a  corrector  or  wheel  attached  to  this  shaft  with  hook-shaped 
teeth,  which  mesh  into  corresponding  cavities  in  the  type  wheel.  The  latter 
being  loose  upon  the  shaft,  or  only  held  by  friction,  is  removed  backwards  or 
forwards  by  the  corrector  to  exactly  the  same  position  as  the  tj'pe  wheel  on 
the  instrument  from  which  the  message  is  being  sent.  This  correction  takes 
place  in  the  act  of  printing  every  letter.  There  is  also  upon  this  shaft  a 
cam  so  arranged  that  the  moment  the  armature  falls  off  the  electro-magnet 
and  opens  the  detent,  it  forces  the  detent  up  and  restores  the  armature  to  its 
original  position  upon  the  poles  of  the  magnet 

The  electrical  circuits  are  exceedingly  simple.  The  earth  wire  connects 
with  Ihe  steel  pins  or  knobs  on  the  keys  of  the  transmitting  apparatus,  and 
from  the  revolving  arm  through  the  electro-magnet,  and  thence  through  the 
line  and  distant  magnet  to  the  earth.  Reversed  currents  are  not  necessary 
except  on  long  submarine  wires. 

The  mode  of  operating  is  extremely  simple  and  easily  acquired.  The 
office  desiring  to  transmit  a  message,  calls  the  station  by  touching  the  keys 
in  a  prearranged  order ;  the  distttit  office  at  once  returns  the  signal '  O.K.,' 
or  all  right  The  manipulator  then  commences  the  message,  first  striking 
the  zerakey  to  start  the  distant  lype  wheel  in  unison  with  his  own.  If  the 
message  is  received  correctly,  he  is  allowed  to  finish,  and  then  the  operator 
at  the  distant  office  gives  the  signal  of  *  all  right ; '  if  there  is  a  mistake,  the 
receiving  office  touches  his  key  board,  which  throws  extra  letters  to  the 
transmitting  station,  and  he  then  commences  again  from  the  point  where  he 
made  a  mistake.  There  can  be  no  mistake,  however,  if  the  operator  touches 
the  ri^t  key,  and  manipulators  become  so  expert  that  they  seldom  toudi 
the  wrong  one ;  if  they  do,  the  error  is  shown  by  the  copy  of  the  message  on 
their  own  instrument,  and  immediately  corrected. 

Conaderable  modifications  have  been  made  in  this  instrument 
in  France  and  elsewhere  on  the  Continent,  and  it  is  now  very 
generally  iised  throughout  Europe.  It  has,  however,  been  replaced 
in  England  by  more  rapid  apparatus. 
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(262)  iKftrBMle  T«l«K»«ph«. — In  aeeo  liutnimeDti  Ibt 
motions  of  the  needles  ve  aetnated  b;  the  momentuj  cnmiiti 
induced  in  electro-magnetic  edlB  wlien  moved  ~  ■   -    - 

tlie  polee  of  a  permanent  steel  maffoet. 

I .  Hmlry'»  Original  Dmdil«-yetdU  Apparabw,—T\^  ia  »hm 
in  Fig.  370. 

Two  cnnii»und  bsr-mi^neti  aa  an  fixed  pinllel  toeuh  other,  nttm 
their  nppoaite  pal«  an  In  juxtapoation.  At  each  end  of  tbe  nugaen  » 
■irranf^  a  pair  of  electro-magnetiD  coik  t  b',  vbich  an  eoniucted  ti^Aa 
■I  tlic  back  by  a  aoft  iron  annatura  e ;  eaCh  pair  is  atlaphed  to  a  atftnn 
■xk  and  fineET-kej-  e^,  and  am  perftctlf  ^dependent  of  each  oflKT,  ■>  Uul 
by  tlieir  motion  they  can  eommnnlcate  ma^Rto-e^lBctric  cnrHiita  to  tht  In 
line  wirva  tt.  In  order  to  avoid  the  frietioii  that  would  eneoeon  tbaiBOliM 
of  thecoiln,  if  their  lofl  iron  oentrea  were  in  uetual  contact  with  tlw  ptta  o( 
tho  permanent  magneta,  the  axks  npon  ^hlch  the  coils  are  fixed  itd  ■ 
■djurited  aa  to  bring  the  enda  of  the  aoft  iron  core*  to  withfai  aboaC  oai- 
aixteenth  part  of  an  Inch  ftom  the  magneti.  When  the  sending  part  of  Itt 
nppatatua  i»  at  rc»t,  a  spring  A  keeps  the  coils  so  disposed  that  the  eentie  of 

Fig.  370. 


e  pole  of  the  magnet,  end  the  other  before  Ihe  other  pole. 
This  answers  a  double  purpose ;  the  iron  cores  and  arraatures  of  ths  edls 
act  as  a  keeper  to  the  maeiietB  when  the  appsrstns  ia  not  in  nse,  anil  Ibe 
ponitiim  at  tlie  eame  time  is  euch  that  the  maximum  of  indnctive  eltect  i> 
obtained  upon  the  moticm  of  the  coils.  The  Snger-key  attached  to  the  <jl(i 
on  being  depressed,  reverses  the  position  of  the  coila  in  rdatioa  to  the  polei 
of  the  magnets  ;  the  alteration  iu  ihe  polarity  of  the  soft  iron  cores  nhicb 
tbetenpon  ensues,  occasions  by  induction  a  revulsion  in  the  electric  conditioD 
of  the  convolutiouBofwirefurming  the  coila,  and  the  current  induced  flon 
from  oDe  terminal  wire  of  the  pair  of  colls,  through  the  indicating  portion  (f 
the  apparatus  i  in  one  direction  to  the  earth,  and  fh>m  the  other  termiiul 
wire  in  the  opposite  direction  through  the  line  wire.  On  the  return  of  Ibe 
finger-key  to  its  original  poaition,  the  polarity  of  the  cores  ia  agua  renmi. 
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^>d  cnrreDtB  are  indaced  in  the  opposite  direction  to  those  previously  gene- 
*i«il  Tlie  openCioQ  of  the  one  ciureat  ia  to  deflect,  and  of  the  otlier  to 
Mug  back,  to  zero,  the  indiueting  needle  of  the  sppantns,  and  of  the  instrn- 
Mnla  at  the  rarioos  stations  to  which  the  curreDts  may  paaa.  The  motion 
Qf  the  other  finger-key  leads  to  similar  eflbcts  being  produced  in  connection 
^•tth  the  oth  er  line  wire  ;  and  the  corahinaWoni  of  movemeata  of  the  two 
Indicating  needles  constitute  Che  alphabet. 

Tlie  indicating  portion  of  thie  tel^japh  condsta  of  a  piut  of 
mall  electiD-mBgnetic  coils  coupled  together  by  an  armnture ;  th« 
•oft  iron  cores  project  l)eyond  the  coils,  and  are  terminated  bj 
nmidrcalar  borns  of  soft  iron.  This  elongatioD  of  the  cores  was 
Imnd  neceesar;  in  order  to  prolong  the  polaiisalJOD  of  the  coil,  as 
Ae  great  intensit;  of  the  induced  current  would  not  occasion 
during  its  passage  through  the  coil  a  sufficient  amount  of  polarit; 
in  the  iiou  to  more  the  magnet  of  the  indicating  needle  unlesa  its 
tAbcts  were,  so  to  speak,  thus  temporarily  fixed.  Un  the  return  of 
the  finger-ke;  to  its  original  position,  an  amount  of  residual  ma^- 
tuttism  is  left  in  the  horns  of  the  indicating  coils  suffident  to  hold 
'the  needle  in  its  position  at  zero  when  the  instrument  ia  at  reat. 
By  diis  amngemeut  what  ia  teohnicallj  termed  a  dead  beat  of  the 
needla  is  produced,  and  the  needle  at  die  same  time  is  in  perfect 
eqnililnium  upon  ita  axle,  conditions  which  conduce  greatly  to  the 
iftjidit;  Bnd  invaiiability  of  the  needle's  motion,  and  to  accurate 
'  ition  of  the  Kgnals.  The  magnets  naed  to  generate  the 
1  onmnts  are  tempered  in  a  porticiUar  manner,  and  retiun 
r  polari^  tot  years.  They  are  easily  re-magnetised  when 
'  mI,  by  bringing'  tbur  poles  for  a  short  time  into  contact  with 
K  powerfbl  electro-magnet. 

The  fcrm  of  the  ■mutare  of  tlie  electro-magnet  in  the  receiver  of  these 
Inatruments  la  shovu  in  Fig.  371.    The  needle  is  attracted  b 
eztremitJH  of  the  boma.  and  repelled  by  the  otlier 
twa      When  the  current  in  the  electro-magnet  ia 
rerened,  the  attractiona  and  repulsions  take  place 
in  opposite  directioDS. 

In  order  (o  reduce  the  resistance  in  the  cir< 
the  coils  cf  the  large  electro-magnet  are  excli 
when  the  instrament  is  in  the  posilioo  for  receiv 
by  the  contact  between  the  stud  h  and  the  spring  /:    I 
/  Is  in  connection  with   the  earth,  and  A  through   |1 
the  press  fhune-work  of  the  infltruineat  irith  the  coll  " 
of  th«  fllcCtiv>magDet  of  the  receiver. 

This  instrument  ia  now  out  of  use. 
2.  Brighft  Mtiffiutic  TeiegrigA. — Thia  instrument 
with  a  view  of  obriating  the  effects  of  the 
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Always  occur  in  the  working  of  underground  wiiea,  mterfenng 
matoriolly  with  the  working  of  telegraphic  appantiu.  TU 
nature  of  the  interference  will  be  at  once  understood  when  h  ii 
mentioned  that  with  a  letter^printing  telegraph  the  rarpluB  concnk 
lias  a  tendency  to  carry  the  machinery  on  further,  and  to  mib 
other  letters  tlian  those  intended.  With  the  chendcal  and  otha 
recording  telegraphs,  the  surplus  flow  of  electrimty  will  oolitilm 
nearly  a  minute,  entirely  confounding  the  marks,  and  nmmng 
0119  letter  into  the  next ;  and  with  the  needle  telegraphs  a  leit 
more  than  intended  is  made  by  the  back  current  with  every  letter 
formed. 

The  plan  adopted  by  Messrs.  Bright  was  to  disconnect  the  in- 
dicating apparatus  altogether  from  the  action  of  the  sending 
currents,  and  only  to  bring  it  into  connection  with  the  line  wiiei 
nt  tlieir  termination.  Instead  of  shutting  off  the  recoil  current, 
it  wnB  permitted  to  pans  through  the  receiving  coils  at  the  close  of 
the  pending  cuiTents,  and  the  connections  of  the  apparatus  weie 
rto  arran<red  that  it  conduced  to  its  efficient  working  by  keeinng 
the  needles  at  zero,  so  as  to  be  in  the  proper  position  for  receiviog 
signals  from  the  opposite  ends  of  the  line.  A  compensating  appt- 
ratus  waf«  also  introduced,  having  for  its  object :'  i.  The  obviatinfr 
the  etlei'ts  of  the  earth  currents  which  continually  pass  througli 
telegraph  wires  more  or  less,  and  in  different  directions,  and  which 
arise  from  variations  of  terrestrial  magnetism,  especially  duriDjr 
Hiirone  horeales  and  other  atmospheric  electrical  disturbances  (60); 
and  2.  Tl^.e  neutralising  any  excess  of  residual  magnetism  that  might 
Im}  engendered  in  the  horns  of  the  coils  by  the  recoil  current 
This  exc(»ys  varies  with  the  length  of  the  circuit  worked,  and 
ri'quircs  a  constant  compensation  to  be  maintained.  The  apparatus 
consists  of  a  permanent  magnet  of  much  greater  strength  than 
the  magnet  within  the  horns  of  the  indicating  coils,  fixed  upon  an 
axis  at  such  a  distance  from  the  lower  pole  of  the  indicating 
iKHjdle,  that  the  poles  of  the  compensating  magnet  may  be  made 
to  descril)e  a  circle  intersectinjr  the  lower  pole  of  the  indicating 
nia^^net,  but  l.tiin«r  in  a  plane  slijrhtly  removed  from  it,  so  as  not 
to  actually  come  into  contact.  By  an  external  regulator  the  com- 
pensating mngnet  can  be  ndjustel  so  that  the  influence  of  either 
of  its  poles  can  be  brought  to  exercise  a  definite  influence  of 
ftttracti"  n  or  repulsion  upon  the  receiving  magnet,  and  upon  the 
soft  iron  honis  of  the  coils  by  which  it  is  moved,  and  thus  to 
ncMrative  an  excess  of  polarity  in  either  direction.  When  this  con- 
trivance was  adopted,  not  the  least  inconvenience  was  experienced 
from  the  gi't'atest  electro-terrestrial  disturbances,  even  when  they 
were  strong  enough  to  deflect  a  galvanometer  needle  at  right  angles ; 
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did  the  atrongest   rettini   current  from   the   most  extended 
lit  impede  in  the  least  the  efficient  truumigsion  of  signala. 
The  miignelic  telegraph  as  thus  improvad  is  ahown  in  Fig.  372. 

Ra  oomponiid  horanhoe  msgriea,  fbnned  of  steel  plalea  acrewed  together ; 
eaiia  ittubed  to  axles  moved  by  the  handles  e  e  -,  one  of  the 
^g  each  pHJr  of  induction  coils  is  eoaaected  with  an  insulated 
the  other  end  of  each  pair  of  ooib  is  conducted  directly  to  the 
e  the  melallic  tana  which  are  insulated  from  the  asles  to  which 
attached  by  ivory  plat** ;  ff  two  springs  connected  with  Uie  line 


vire,  and  tealiDg  against  the  screws  of  the  bearings  gg ;  gg  two  bearings  or 
bridge  pieces  in  connection  with  the  indicating  portion  of  (he  instrrnnent ; 
kh  the  ontaide  of  the  dial ;  ii  the  iadica  ting  needles  moved  by  the  magnetic 
necdlea  Inside  the  same  axles  ;  zx  thamb-screws,  by  which  the  magnet 
regnlators  are  a^jnsUdj  ziii  adjuitiog  pins  between  which  the  needles 
beat. 

The  internal  arrangement  of  the  indicating  apparatus  is  not 
ehown  in  the  Hgure.  When  at  rest  the  spring/is  ia  contact  with 
the  bridge  jnece  g,  and  the  iine  wire  is  in  direct  c 
with  the  indicating  part  of  the  instrument,  and  the  electric  ci 
from  other  statiouB  pass  from  the  line  wire  through  the  indicating 
coiJe,  and  thence  to  the  earth,  producing  in  their  passage  the 
te^uired  signsls.  When,  however,  the  handle  is  depressed,  the 
metaJlic  cam  or  atud  attached  to  the  axle  presses  the  spnng  away 
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fiom  the  bmnnfr^.ftodtbe  cmreiitaf  iiMgiietc>«lcetrid^  proloHt  I 
m  tbe  iadnctiiiii  etuis  by  that  chuige  in  pontion  w  n 
pole  of  tba  permaiwnt  magnet  puna  diiact  to  the  line  d 
cunrat  deflects  the  needles  of  other  •tatdons  &om  leio.  KncAj 
the  downwud  motion  of  the  handle  ia  aireated,  and  dmiig  ili 
rptum  to  it#  original  po(itioa,a  cnrrant  in  the  oppodte  diteetiaaB 
ioduced,  whuh  flowi  througb  the  line  wira,  bringing'  the  ji^Mti^ 
nerdle  of  the  othei  ctatiana  hack  to  wn^  but  not  afieetang  iti  m 
indicating  appantut,  owing  Xo  the  connection  between  the  ipnif 
and  the  bearing  being  still  incompLete.  The  movaeat  the  qiiif 
isainin  in  contact  -with  the  bridge  piece,  on  the  cam  setiingitrt 
libertT,  the  line  wiie,  in  which  a  portion  of  tlis  last  cnmot  im 
been  held  as  it  were  in  trmuHu,  aeeka  to  regain  its  aqniliW^ 
and  the  ivtura  current  paaca  through  the  indicating  portion  oftti 
instrument  (now  in  circuit  again),  and  holds  the  needlei  to  tat, 
io  the  proper  podtioD  to  be  actuated  by  currenta  from  the  otta 
rilations.' 

(^63)  TbaAaaoatlaVatofTark— Under  the  ordinary  sjtt* 
of  teleimiphing  it  was  nnecawry  to  employ  at 
dc-wD  the  ward*  as  interpreted  from  the  visiial  aignala,  and  dictaltl 


to  him  by  ilie  receivinjf  imperii- 
tor,  whoae  eyes,  bmng  Sied 
on  the  nkfadly  moring-  needlfi, 
could  not  be  engaged  in  coo- 
junction  with  his  hands  in 
writing,  but  now  the  operfiUai 
maybe  carried  on  by  thesams 
perwn.  StMnheil  (229)  in- 
TFUitd  an  instrument  which  appealed  to  the  nnHe  of  hearing,  aui 
1  The  mugnetir:  needle  lelegiaphs  have  dot  been  abudoned  for  muj 
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inulAr  plan,  hy  which  the  maiuieatatioiu  of  the  eurrent  aie  trans- 
lad  from  the  eye  to  the  ear,  wm  inTented  hj  iiteat.  Bright 
■a  apparatuB  is  ahown  in  figa.  373  and  374. 

■  the  bdl ;  b  tlie  faanuner ;  tf  the  moffler  to  de&den  the  aoiuid  and  atop 
fti  TQmtbm  after  eadi  atroke ;  e  the  coataet  maker  aod  breaker,  bj  which 
kalocalbatWiTlapaton  and  abut  off;  ■>(Fig.  374)  the  electromagnetic 
NDafinoiigli  wUeh  the  local  enrrmt  is  paved,  which  actuate  the  magnet  1, 


Thero  are  ixsnally  a  pair  of  the«e  bella  togather,  one  holl  differ- 
ing half  an  octaTS  in  tone  from  the  other,  fixed  to  a  woodeo  parti- 
iaa,  one  on  the  one  aide,  and  the  other  on  the  other  side  of  the 
opetatoT.  From  the  nmnber  of  beats  and  the  difference  in  tone 
Iha  lettere  and  woida  are  formed  in  the  uune  manner  as  with  the 
aeedie  telegraph.  Aoooatic  inatrumentg  axe  quicker  than  Tisual 
onee ;  they  are  aiinpler  in  cinstniction,  and  the;  are  certainly 
more  accurate  ia  operation.  Sonnd-reading  is  coming  into  very 
gaueral  nse.     It  is  aimoit  univeraal  in  America. 

(264)  nt*  •ooader. — Thia  inatrument  ia  of  the  Morse  type, 
hat  the  ngnala  are  read  off  hj  sound  instead  of  by  sight  from  the 
recording  alip.     It  ia  nsnally  worked  Iiy  ringle  currents  from  an 


ordinary  Uorse  battery,  and  its  construction  ia  that  of  a  Morse 
receiver  without  the  clockwork  mechanism.  Pig.  37J  reptesents 
one  form  of  Monder.    It  consists  of  an  electro-m^netic  coil  with 
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nt  Jnuil  m  f^Ktinia  ^  ■  i^b^  ;  1 
wfakfa  can  Iw  kdnvwi  br  k  «znr ; 

■ion  tad  Klaui!*Maad,Ioada 
i»  «Rneil  ia  lb«  rKjo:^  of  the 


KtTiikuM.  Fig.  376  representa  the  fenn  of  the  sounder  nmuDj 
Adj>pbfll  in  EniflBod,  and  is  the  nmjdert  tonn  of  receiring  inabii- 
meat  in  jue.  e  U  an  electro-magriet ;  s  U  the  antagonitlic  q>ring 
t"  kwp  the  armature  lerer  agaiiut  tbe  upper  stop ;  a  and  A  are  th« 
adjiMtabb  etiifa. 

f26;>lHAlarat«p-»r-«t«pT«l«cn9>a<^-'nieMiD«tnuiient« 
directly  commimicate  to  tbe  eye  tbe  letteis  of  the  alphabet,  each 
of  which,  inntesd  of  beiog  produced  bf  a  ceitain  conetant  gninp 
or  iiiicc«e«i'iii  of  cturents,  reqniree  as  man;  currenta  for  ite 
production  a«  there  are  letters  on  the  dial  following  that  bj  which 
it  WM  preceded.  The;  are  valuable  from  their  not  requiiing  anj 
jtpecial  training  in  the  operator,  a  rerj  little  practice  enabling  any- 
one to  Bend  or  receive  a  despatch  by  their  meana.  Several  excel- 
lunt  inBtniments  of  this  claee,  worked  bj  magneto-electric  current*, 
aod  moDtlf  mndiScationa  of  the  first  form  invented  bj  Wheatatone 
in  1S40,  were  shown  at  tbe  Iniemational  Exhibition  of  1862,  and 
have  *ince  come  inlfl  very  general  use. 

Henley's  dial  telegraph  ia  ihown  in  Fig.  377. 
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ir*.  The  hudle  d  is  tiao  attached  to  x  by  an  ann 
that  ai  the  handle  Is  mored  round  the  dial,  the 
;  ia  ■  componnd  bonieshiM  magnet ;  ita  power  (de- 
:  diiaflj  OD  the  aamber  of  lamiiuB  or  plaice)  ie  guited  to  the  elec- 
■iitance  of  the  paiticoUr  circuit  tbrongh  «hich  it  ia  intended  to 
D  b  an  electfi>-magDet,  the  core  being  in  the  form  of  a  horseahoe, 
■I  poba  bdng  Tertically  above  one  another,  and  between  tlie  two  poles 

at  Hich  of  the  wheels  w  w'  are  secured  thiiteen 

o'  s*  a',  of  euch  a  nae,  and  so  placed  with  reapect 

it  when  d  is  opposite  to  the  north  pole  of 

imparting  by  in- 


duction north  polarity  to  the  upper  end  of  the  electrn-magnet,  while  n' 
imparts  sooth  polari^  to  the  lower  end.  A  reverse  action  Ukea  place  when 
the  handle  has  been  iDoved  through  the  twenty-sixth  part  of  the  circum- 
Terence  of  the  circle  (corresponding  with  the  diatance  between  the  two 
letters).  At  the  instant  of  each  reversal  of  the  pole  of  the  electro-magnet 
eUbcted  in  (his  manner,  currenla  of  electricity  in  alternate  directions  pass 


through  ita  coils. 


th.  the  ol 


One  extremity  of  the  coil-wire  is  connected  with  t 
with  the  coils  of  a  small  electro-magnet  (behind  the  receiving  nisi  OT  ine 
instrument),  through  which  each  Induced  current  passes,  then  Irnverses  the 
line-wire  to  the  diulnnt  insTumout,  circulates  throngh  the  orils  of  the  electio- 
niagnet  itf  its  receiver,  and  so  poaseB  to  the  earth  through  a  Bhoii  dr'-nit 
formed  b>'  the  'pripg  '  Bad  a  screw  on  the  metal  plute  B.    These  touch  each 


472  ELECTRIC  TBLEOBAPHT. 

.  tber  unly  when  the  handle  ia  brought  to  lero,  a  roller,  r,  on  the  spring 
l»aM:iii);  at  thai  mimient  into  a  notcli  on  the  under  tide  of  the  lower  irhcd, 
and  thuit  alKtwiit};  «  to  ri«e  and  come  into  contact  with  b.   Theolyeetof 
thU  i«  tit  cut  uut  uf  the  circnit  thereriatanoeof  thecoihron  the  large  etodzo- 
nia^tft,  wh:eh  u  equal  to  aevend  mika  of  the  line-wire. 

The  alternating  currents  of  electricity,  thus  circulated  through 
the  coiL»  of  the  electro-magnet  of  the  xeceiyer,  work  an  escapement 
in  the  following  manner: — 

IHecea  of  soft  iron  are  fixed  on  the  poles  of  the  electroHnagnet, 
forked  at  their  enda,  and  approaching  each  other  yerydoeely. 
The  lower  end  of  a  magnetic  needle  hanga  in  the  slot  so  foimed; 
and  beinir  always  within  and  surrounded  bj  the  soft  iron,  it  is 
noted  u|H)n  much  more  powerfully  by  the  magnetic  force  than  if  it 
simply  vibrated  between  the  p(^es  of  the  electro-niagnet  The 
other  end  of  the  needle  is  formed  into  two  palletB,  which  by  ito 
alternate  movement  act  on  inclined  teeth  on  tha  oppoats  odee 
of  an  escapement  wheel,  the  teeth  being  cut  in  *  peoaliar  mj  to 
prevent  recoil.  The  small  index-hand  of  the  leoeiTsr  la  thu  mide 
to  revolve  in  the  same  manner  as  the  seoouda-hand  of  ft  wifcdL  B 
is  thus  seen  that  the  movements  of  the  handle  4  will  ha  aMi% 
followed  by  the  small  index-hand  on  the  xeeeiTlng  diak  ni  M 
instruments,  whatever  letter  is  indicated  by  the  poaitkmof  iHaiif 
also  pointed  out  by  the  index-hand  of  the  receiyeia ;  and  thus  nv- 
sages  can  be  sent  and  received  by  any  person  after  a  little  pradxe, 
without  the  knowledge  of  a  special  alphabet. 

The  spring  and  button  on  the  left  of  the  instrument  are  for 
setting-  the  index-hand  of  the  receiver,  should  it  at  any  time  get 
wrong.  On  slightly  raising  the  spring,  the  circuit  is  broken  with 
the  coils,  s^>  that  D  can  be  moved  to  the  same  letter  on  the  laige 
dial  that  the  index  points  to  on  the  dial  of  the  receiver  without 
any  current  passing.  On  pressing  the  button  down,  a  short  circuit 
Ls  formed  between  the  two  outer  terminals  connected  with  the 
line  and  earth  wires,  so  that  the  handle  D  on  the  lai^  dial  and 
the  index  of  the  receiving  dial  will  bo  moved  simultaneously  round 
to  zero,  without  atfecting  the  distant  instrument. 

(266)  FromenVs  Frencli  Alptaabetie  Telegrapli- — This 
elegant  apparatus  is  shown  in  Fig.  378.  There  are  twenty-eight 
keys — twenty-six  representing  letters,  one  a  cross,  and  the  other  an 
arrow.  By  pressing  down  any  key,  its  corresponding  letter  is  shown 
on  the  dial,  and  at  the  same  time  on  the  dial  of  a  similar  apparatus 
at  the  distant  station.  Supposing,  for  example,  the  apparatus 
figured  in  the  text  to  be  at  Paris,  the  current  from  the  battery 
enters  the  apparatus  at  b  and  leaves  it  at  b^ ;  it  proceeds  thence  to 
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thB  distant  station  (say  Eonen),  wheie  it  traTeraes  and  works  a 
preciaelj'  similar  apporatiu. 


The  meehamsm  of  tlia  inWrsal  part  of  the  »ppaiatus  is  shoini 
0  Rgs.  379.  380,  and  381. 


Fig.  379  ii  tin  Moa^pabtor,  or  tbe  ii 


tor  Mnding  giga&Ia  ;  Fig. 


^x  ZLsrscir 


-tnm.  "aik  'iuvaito.  "tift  imnui  jiflcaixi.  flnrxmcK.  nc  l^rftc 

"iiik  i#inniii  tt  m.  -dfsessn-tiiflusKE  luc  snK.  3l  Pi|^  S7&  ^''^  figJuhStBd 

?4  :n^  ii«: :»  ±bl  Jiir'wini.nTry  az  anFexmBiirr, 

:3s  inuBcr  immc  jbK  im-  v*  ifisxar  on  tiie 
*i£:  jniL  ■moani'  ml.  -wiaAi  iarm^  part  of 
I.  Wbd:  jiWBL.  iBivaftw  nmnd  1^  pm  o. 
r!iK  >!ner  3^  aaannt  v>  ft ' 


juiniain  3k  Tiiwiiiii  iPfci   cnnnss  tivi 

•as  3IUGII1L  3f  "ill  jMI'fcH  Sl>  a  MBLUmd  lCT4 

33K   sjcnp  fnSii  Imkk  the 

mat  "Aat  a  g<y  Vj-aaep  Moreacnt 

3  :»  fsx.  ^vkk^  s  tnaMiti  to 


Tbfr  BJs=MF  i=  v^iek  imt  Jmzzat-carTfaci »  inteimyied  and 

roxrvtd  viH  c«  cnias&xfi  fcr  Kfeetme  to  Hr.  379.    The  wheel 

E  'SkJTitf  r^*iTr-sx  t»?i,    f*z  iv^  >*^  h  bv  ihe  banon  p.  while 

ii^  pli'jT  y  U  frsTT.  :i»  c^ttt^I  f:?=.  z:  circiriAzn  contact  with  the 

♦jwni-  *.i*  :.-itic  M-  l>cLi^  cni-.i^c.  Lie  :i5  ohiaci  IrokeD  and  re- 

ijeirrri  ^T*T;i'  u:::*  i:  p^iS^ir?  :TrT  a  t^»:b,  and  ai  the  same  time  the 

>A*.*>?rj'-^ -rr*:!.:  i*  tirj-ar.  :-5  aid  on,     Sapfp>=e  the  pointer  P  is 

bd-'^:j>A  if.'u  let>T«,  tLrz.  t':>e  cnrrest  beiween  y  and  x  will  be 

f'yur  tizL<:«  ELA-ie  asd  fo:ir  tim€»  brol^es.  acd  the  annatuie  of  the 

«;lftC*.ro-:/iaC!T.«irt  at  tie  distant  station  will  be  four  times  attracted 

ar.d  four  timeg  pulled  hack  by  its  spring:  bat  these  four  attractions 

will  fnvf:  four  moTementa  to  the  wheel  G^  and  the  pointer  will 

]/stMi  over  the  same  number  of  letters  in  the  dial  of  the  receiver, 

Fi^r,  3^,  aiF  in  that  of  the  manipulator,  fig.  379.    At  the  top  of 

the  cai$e  of  the  instrument  is  Uie  alarum,  which  b  worked  bv  a 

fipecial  electro-magnet. 

Jteferriijg  now  to  Kg.  378,  a  series  of  twenty-eight  ivory  keys 
iM  »r)<;n  in  fron^of  the  apparatus;  the  first  being  marked  with  a  cross, 
the  laift  with  an  arrow,  and  the  intermediate  twenty-six  with  the 
letters  of  the  alphabet — the  first  ten  letters  carrying  also  the  ten 
nurnoralH.  Immediately  in  front  of  the  keys,  on  a  horizontal  plat- 
form of  mahogany,  is  the  dial  b,  and  two  small  metal  pieces,  m  n, 
which  are  movable,  and  which  by  means  of  a  handle  may  be 
brought  into  contact,  m  with  s  ot  r,  wi^  n mtAi  q^  ot  p.    The  dial  b 
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ia  the  Terifier ;  its  index  must  always  point  to  the  same  letter  as 
that  Isat  signalled ;  if  it  does  not,  it  abows  that  the  appsratua  is 
not  in  proper  wortdog  order.  When  m  is  in  contact  with  i,  the 
^iparatuB  is  in  a  condition  to  send  BiRnalB  from  Paris  to  Bouen ; 
when  in  contact  with  r,  it  is  in  a  cooditioii  to  receive  a  eigosl  fiom 
Soueo  to  Paris.  In  lihe  manner,  when  n  is  in  contact  with  g  the 
tUrum  may  be  eonnded  at  Bouen ;  when  in  contact  with  p,  the 
nachinerj  ia  in  a  state  to  receive  a  notice  from  Rouen. 

(367)  tnieatatone's  VnlverMl  Dial  Telerrapb.— TblB  in- 

'.    (tnuDeut, which  is  extensively  used  in  the  metropolis  and  elsewhere, 

both  for  public  and  private  establishments,  consists  of  two  disdnct 

partB — viz.  the  '  eontmunicaior,'  for  sending  the  message,  and  the 

'  mdieator,'  for  receiving  the  same. 

The  ammurucalor  (Fig.  383)  coniUti  of  ■  imnll  box,  upon  ths  upper 
■oiftee  of  which  is  a  fixed  diil,  haTing  its  drcamference  divided  into  tbirtf 
equal  spaca,  marked  with  th«  twenty-dx  letters  of  tbe  alphabet,  the  three 
piriiita  of  panctnatiaii,  ind  ■  + ,  with  an  iauer  eircle  marked  with  tbe  nine 
digits  and  ■  -f,this  aeries  being  repeated  twice.     A  band  or  pointer  iu  the 


centre  of  tbe  dial  is  made  to  rotate  by  mecbaniam,  and  pointB  eeTenUy.  at 
the  wiU  of  tlie  operator,  to  the  letters  or  figurtE  required  to  be  iDdioaled. 
Bonnd  tbe  circamrerence  of  this  lettered  disc  are  tbirl;  small  keys  or  but- 
l«is,  whieh  can  be  depressed  by  tbe  finger,  one  for  each  Idler  or  sgo. 

magnet  and  soil  apparatus  foi  producing  the  necesBary  mjgnatip  cnnents. 
An  Bxtarior  handle,  rerolred  by  the  hand,  or  other  means,  tauses  so  aitis 
in  the  instrument  to  resolve.  Attaclud  to  this  axis  are  tiro  equal  arms,  lo 
tbe  extremities  of  which,  fixed  perpendicularly,  are  two  coi-es  of  soft  iron. 
Round  each  of  these  cores  of  soft  iron  a  helix  of  fine  insulated  copper 
wire  is  wound  in  a  continuous  length.  Tbe  coils  and  arniKCure  are  bo 
arranged  upon  tbe  axis  as  to  be  in  close  proximity  with  the  poles  of  tbe 
boiMalne  magnet,  so  ihat  at  everjr  revdution  of  the  axis  with  which  tbe 
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•  ■  •  :  •   ."  •  —•••--  .  •'-■•  z^-  **yft  ir'»n  core's  of  the  ooOs  pass  otct  the  poles  of 

•-J-*.  V- :  >-«*r-  :#mpi5raTy  nia«met«  bv  indaction;  tnd,  at  the 

•-:    :  ■  tA.-.^  mi    r^ikin^  .>.n!A.t  wiih  the  poles  of  the  magnet,  in- 

.--•-•-   r  -.-•"..".  *::y.  zz  -ris^  in  i-pp^v^ite  directions  through  the  irire 

.-  :'•:.-  -.r«::  v  •  nip'.ev.    Thi#  temporary- mainietisation  of  the 

•  •.    .-  .  .-  :-  —t  "irrfSt*.  tikis j  I'.act?  each  time  contact  ia  made  and 

-  •  -  • .-  -J  V-  >v  ".--in  with  :hr  >.»I»>^  of  the  maj^et,  a  succeaeionof 

•■  ■  ••    :  ^  *•    •    z  ->.:r.-i:v  aar  l-»  ob:a:R<?d  bv  the  cttntinaoua rerob- 

.-    •  •  •  •  li-i :.-  &::A.h*>i  iv  the  axis  earning  the  armature. 

7":  -■  -^T-.  L^ri^zi  -^f  :he  c>?mmuziicator  is  so  arranged  that  when 
.%' }  :" :  -  '.Liny  krv*  r"»u::d  the  dial  is  pressed  down  by  the  finger, 
:  1  •.:  •;  ;.  "i.* ::.-  rfn.*: .~:  v'.i:najr  off  th»?  passage  of  the  current  along 
• ..-  1  ••  a-  ;  :„:  •.:,-'•:  :he  ir-s:rument,  and  of  maldnir  a  short  ciicuit 
^.-  .  :..'■  •  .-.rl.  ?•:•  1  r^  a?  i:  remains  depressed.     When  any  other 

•  • ;.  :-  ?.::-il  .T.y  d-*rr^?Srd.  a  simple  piece  of  mechanism  causes  the 
:• ;.  r-  -*:  -.    ''  "Li*  krv  :•>  rl^fvate  the  former  key,  open  the  electri- 

ir.v.::.  ir.i  a11.«w  the  induced  currents  derived  from  the  mag^ 

•  • :  :  r'  -.v  ::.  *  :c..v*si  ^n  ihrouzh  the  instrument  and  along  the 
■».->?:  :..-  i: ?:.!!::  stadia,  until  they  ar«  agtdn  interrupted  and 
•..v—r-i  :.:     :hv  rdrth  by  the  depressed  key.      This  sbort-drcmt 

'  ^^.'t  if  irjiir  by  rLieans  of  a  loose  carrier-arm  attached  to  the  aiis 
'!*■":.:.'-  .v.rTirS  xh-.-  r-  inter  on  the  dial,  and  is  thrown  in  or  out  of 
.-v.-.r  Vv  thr  i-^rrv*?!  a  or  elevati-'in  of  the  kev.  Motion  is  conunn- 
V  {  :•  thi*  i»xi*  by  a  bevt- lied  wheel  working  into  a  pnion 
!:ie  axis  carrjisg  the  armatures ;  the  motion  being  so  ad- 
/..it  !  r  vv-Tv  w?parate  current  induced  in  the  coils,  the 
/.I  ::.  V-  :»  *:Ace  or  letter  on  the  dial.  The  kevs  there- 
J-   i-'i  rtxi'-i  in  ?ucces5ion.  ^ill  each  liberate  one  current. 


1    •" 


•••■-*•         ^-. 


<.    .4*. 


rr.ts.  duri:^:  an  entire  revolution  of  the  hand 
r    .:  :  :..•■  i:.il — dftw:;  i::  o::e  direction  and  tifteen  in  the  opposite 

«  ■  ■ 

......  ..  . 

•  •  •  •      •  •  ■ 

V  r  -v-rv  o*in\'r.t  tr;i!:sn:itted  (these  currents  being  in  succe?- 
-:  :.  i::  i: :':"-: -::t  ■.:ir'X':i  -ns).  the  index  oi  the  communicator,  and 
!■.  ■>:••  ■!'  :h-  ::.i:o;!t  ts  a:  the  rear  and  di>taut  stations,  will  simul- 
:.■.:■.-•;.-'->  ;•  :va:i.?-. -^t'-p  by  step,  until  the  letter  opposite  the  de- 
:  :—>r..i  k..y  :-  r«icht-.i  l-y  the  pi.^inter.  The  instant  this  letter  is 
r.-ach-i,  a  sh. rt  cirvuit  is  made  by  the  carrier;  the  current  no 
I'HL'er  il'ws  thr«ni.rh  the  telegraph  wire  and  the  indicators,  but 
pa:-s«>  into  the  eartli  until  another  key  is  depressed  and  the  circuit 
i*  ajii::  ojn^ned.  and  xi  on  in  succession  until  any  number  of  re- 
iiiir»-d  iijnal-  orl'-ttors  have  been  registered. 

Tiie  indkafur  (Fiif.  3S3).  externally  in  appearance  somethinir 
lik»*  a  watoh.  is  placed  on  a  small  stand  in  any  convenient  position 
fur  iibservinir  the  dial.  The  face  of  the  instrument  is  spaced  into 
tJiirtv  divisions,  like  the  communicator,  with  its  double  circle  of 


ng.jsj. 
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lettera  and  fiffurea,  and  its  movable  hand  or  index.    A  step-by-step 

motion  is  imparted  to  thia  band  by  meona  of  an  electro-magnetic 

ifporatus,  which  coodsta  of 

two  permanent  magnetic  bara 

cmeedlee  fixed  to  an  axis,  and 

lying   parallel   between    two 

■noil    electio-magnetic    coils 

with  soft  iron  coree.    These 

electro-magnets    are     so     ar- 

nuged,  that  when   a  current 

of  electridtj   from  the  com- 

manicalor  passes  through  the 

coils,  their  armaturee  eiarciBe 

ft  mutual  attraction  and  repul- 

ricm  on  the  poles  or  extremiliea 

of  the  magnetic  needles,  the 

effict  of   which   will    be    to    impart    a    backward-and-forwu-d 

motion  to  the  axis  carrying  the   magnetic   bars.     Fixed  to  the 

and  of  this  axis  is  a  short  vertical  arm.  carrying  a  small  escapement- 

«i4ieel  of  fifteen  teeth,  the  axis  of  which  carries  the  ptnnter  on  the 

dial,  and !«  which  a  step>~by-8tep  motion  is  imparted  by  the  rotation 

of  the  escapement-wheel  working  to  and  &o  against  fixed  stops  or 

Fig.  3B4  ahowB  the  form  which  b  now  in  general  use.  The 
itand  of  the  indicator  b  furnished  with  a  lever  tumplat«,  by 
which  the  alarum  a,  for  calling  attention,  or  the  telegraph  t, 
can  be  thrown  into  circuit,  according  as  the  lever  is  turned  to  a 
Mf  to  T  (Fig-  383)- 

Whenever  the  tel^raph  is  not  in  use,  the  alarums  at  each  end 
ihould  be  placed  in  circuit,  so  that  on  turning  the  handle  of  the 
MmmunicatOT,  and  depressing  a  key,  the  first  currents  transmitted 
uhrough  the  <nrcuit  will  cause  the  bells  at  both  ends  of  the  line 
nstantly  to  aound,  and  call  the  attention  of  the  clerk  or  operator 
)t  the  distant  station,  who  immediately  ugnifies  his  presence  at 
^e  instrument  to  the  sender  bj  turning  the  handle  of  his  commu- 
licator,  depreaung  a  key,  and  ringing  both  bells  a  second  time. 
Both  sender  and  receiver  now  throw  the  telegraph  I  into  drcnit, 
»king  care  to  observe  that  the  hands  of  both  the  communicator 
md  indicator  stand  respectively  at  the  +  marked  on  the  dials, 
which  is  necessary  to  ensure  the  correspondence  of  the  letteis  about 
»  be  tronamitted  at  both  atations.  The  sender  spells  out  his  mes- 
lage  by  depresaing,  in  succesuon,  with  his  left  hand,  each  key  of  hia 
communicator  corresponding  with  the  required  letters,  while  he 
teadily  turns  the  handle  of  his  instrumeut  with  hia  right  hand. 
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The  pcunter  of  hia  indicatoT  will  also  tazn  in  incccimon  to  each  of 
these  letten,  and  pause  until  the  nert  letter  orkajiadepnoBl 
The  hand  of  the  indicator  of  the  Tecdver  of  the  menage  at  tiie 
diatant  station  will  kIm  point  to  the  same  letter,  spelling  oat  tlw 
word  required,  the  receipt  of  which  he  admowledgea  bj  tunmig 
the  faandk  of  hie  coounanicator,  depreudnf^  the  key  opposite  &e 


Jfit-zU. 


-f ,  nnd  caudinj;  the  lianda  of  hoth  iadicatore  to  pASs  through  a 
I'oinplete  I'evolution.  If  any  letter  or  sign  in  spelling  a  word 
requires  to  be  repeated  in  succession,  it  is  only  neccssaiy  to  de- 
press for  an  instant  the  preceding  key,  and  then  to  dejiresa  that 
apposite  the  letter  to  be  repeated,  before  the  pointer  of  the  com- 
municator in  its  revolution  has  reached  the  letter. 

For  connecting  up  the  instruments  the  fallowing  rules  are  to  1w 
observed :~- 
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«f  and  from  d\o  f,  the  switch  x  being  turned  to  point  to  the  letter  t.  The 
^bandle  z  of  the  communicator  is  then  to  be  turned  steadily,  at  the  rate  of 
<boiit  I20  revolutions  per  minute,  and  the  index  or  pointer  passed  from  + 
to  +  on  the  dial  by  depressing  the  finger-key  opposite  the  full  stop  (.),  and 
^  key  opposite  the  +  immediately  afterwards.  If  the  index  of  both  com- 
i&iinieator  and  indicator  correspond,  the  connections  will  be  right ;  but 
sbould  the  hand  of  the  *  indicator^  be  either  in  advance  or  behind  the  +  one 
space,  the  connecting  wires  must  be  reversed,  a  being  joined  up  to  /,  and  d 
to  e ;  the  instruments  will  now  be  found  to  correspond  in  the  revolution  of 
their  pointers  round  the  dials. 


w 


Fig.  386. 
..i.lNC 


EARTH 


M  THUS- 


1 4  o  O  ok\ 


MN^ 


.EftRTH. 


1.  The  instraments  being  in  working  order,  the  line-wire  is  connected  to 
the  instraments  by  removing  one  of  the  short  wires  at  each  station,  and 
substitating  the  line-wire  and  earth-wire,  as  shown  at  a  e  and  bf^  Fig.  386. 
The  same  signal  of  passing  the  pointer  frova.  +  to  + ,  is  now  to  be  sent  from 
station  to  station ;  and  if  the  index  at  the  other  station  falls  either  one  in 
advance  or  behind  the  position  of  the  line  and  earth,  wires  at  one  station  only 
must  be  reversed. 

3.  When  more  than  two  stations  require  to  be  connected  up  in  the  same 
circuit,  the  above  rules  are  to  be  observed  with  reference  to  the  signals  from 
+  to  +  at  each  successive  station,  the  connection  appearing  tiius  (Fig. 

387)  :- 

Fig.  387. 


UNE 

WW 

m    m. 


WIRE 


© 


'CAIVrN 


CARTN 


4.  When  several  stations  are  in  the  same  circuit,  it  will  often  be  found 
convenient  to  introduce  a  switch  or  current-changer,  enabling  the  operator 
to  send  up  and  down  the  line  in  either  direction,  without  interrupting  the 
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commimication  of  those  statioiis  situated  in  an  oppodte  cUiectioo  to  iliat  in 

which  he  is  speaking.    The  manner  of  connection  will  be  seen  by  retomce  j 

to  Fig.  388.    This  arrangement  will  enable  several  stations  to  oomnnmicats  ;i 

with  each  other  at  the  same  time—  ii 

For  instance,  while  a  is  speaking  to  6,  c  can  talk  to  d,  e  with  /,  and  so  on. 
This  sy tsem  requires  that  each  station  has  its  own  signal  or  prefix  for  calling 
attention,  and  that  when  no  station  is  called,  either  up  or  down  the  line,  the 
handle  of  the  current-changer  remains  on  the  through  circuit,  as  shown  in 
the  figure : — 

Pig.  388. 
UP  LINE.  ocwNLrse 


(268)  Automatio  System  Air  the  TnuunnlssioB  of  Tele- 
ffraptale  MesMtffes. — Since  the  speed  of  sending  by  hand  is 
limited  by  the  skill  of  the  operator,  Alexander  Bain  as  early  as 
1843  invented  a  plan  by  which  this  could  be  done  automatically. 
He  punched  the  dots  and  dashes  of  the  Morse  alphabet  in  broad 
paper  tape,  and  these  holes  were  made  to  send  the  currents  with 
immense  rapidity.  An  admirable  instnunent  for  this  purpose  was 
subsequently  invented  by  Wheatstone.  It  is  thus  described 
by  him  ( Comptes  Hendus  of  the  Paris  Academy  of  Sciences ;  and 
Jurors^  Report^  International  Exhibitum  of  1862) : — 

*  Long  strips  of  paper  are  perforated  by  a  machine,  constructed  for  the 
purpose,  with  apertures  grouped  to  represent  the  letters  of  the  alphabet  and 
other  signs.  A  strip  thus  prepared  is  placed  in  an  instrument  associated 
with  a  source  of  electric  power,  which  on  being  set  in  motion  moves  it  along, 
and  causes  it  to  act  on  two  pins,  in  such  a  manner  that  when  one  of  them  is 
elevated,  the  current  is  transmitted  to  the  telegraphic  circuit  in  one  direction, 
and  when  the  other  is  elevated  it  is  transmitted  in  the  reverse  direction. 
The  elevations  and  depressions  of  these  pins  are  governed  by  the  apertures 
and  intervening  intervals.  These  currents,  following  each  other  indifferently 
in  these  two  opposite  directions,  act  upon  a  writing  instrument  at  a  distant 
station,  in  such  a  manner  as  to  produce  corresponding  marks  on  a  slip  of 
paper  moved  by  appropriate  mechanism. 

*The  first  apparatus  is  a  perforator  (Fig.  389),  an  instrument  for  piercing 
the  slips  of  paper  with  the  apertures  in  the  order  required  to  form  the 
message.  The  slip  of  paper  passes  through  a  guiding  groove,  at  the  bottom 
of  which  an  opening  is  made  sufficiently  large  to  admit  of  the  to-and-fro 
motion  of  the  upper  end  of  a  frame  containing  three  punches,  the  extremities 
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I  ifvUdi  anbttetwDctnnwnTMline.   Each  of  tluag  pnnehea,  the  middle 
'    MM  cf  whldi  !■  milltr  than  th«  two  eztenial  oota,  mar  be  sepmlel; 
c)sTat«d  bj  the  pnoan  of  a  finger-kej. 


Tg.  jB,. 


'  By  the  preasore  of  «ther  flngor-kej  NmulCaneouBl;  with  the  elevation 
of  ita  correBponding  punch,  in  order  to  perforate  the  paper,  two  different 
movementa  ue  gnccesMvely  produced :  first,  the  raising  of  a  slip  which  hi  Jda 
the  paper  firmly  in  its  position  ;  and  secoadly,  the  advaacing  motion  of  tbo. 
frame  containing  the  three  punchee,  by  wliich  the  punch  which  is  raised 
carries  the  slip  of  paper  forward  the  proper  diatance.  During  the  reaction 
of  the  key  consequent  on  the  removal  of  the  pressure  the  clip  first  fasteas 
the  paper,  and  then  the  frame  falls  back  to  its  norma  ponition.  The  two 
external  keys  and  punches  are  employed  to  make  the  holes,  which  grouped 
tcgetbet  represent  lelten  and  other  characters,  and  the  middle  puncli  lo 
make  holea  which  mark  Ok  intervals  between  the  letters.  The  perforarions 
Id  the  slip  of  paper  appear  thus  (Fig.  390) : ' — 


rj^ 


X  very  umple  addition  to  the  perforator  euablee  a  printM 
meSMge  which  haa  been  received  to  be  retrauBmitted  to  a  more 
distant  Btatiai),  without  any  tiauslatioo  or  knowledge  of  the  mean- 
ing of  the  memBge.  The  printed  band  which  has  been  received  is 
made  to  paee  batweett  two  rollers,  one  of  «luc^iB  miyitAJ^A'^  & 


4S2  BLECtBIC  TBLBOKAFHT, 

fingeiHKraw,  ho  as  to  cause  the  chancten  to  paw  sneceedTelf  ' 

before  the  eyes  of  the  operator.    The  keys  of  the  perforator  are  ' 

acted  upon  with  the  light  hand,  and  the  finger  screw  mth  the  ^ 

left ;  as  the  characters  succesaiTelj  appear,  the  kejs  are  pressed  ■ 

down  in  the  order  of  the  points  of  which  the  letters  consist,  an  3 

operation  which  requires  scarcely  auj  skill  to  perform.  < 

There  need  be  no  change  in  the  alphabet  which  is  at  present  ^ 

employed ;  the  points  at  one  aide  ma;  represent  the  short  dashes,  ^ 

and  those  at  the  other  side  the  long  dashea,  their  order  remaining  ^ 

the  same  as  in  the  existdag  Byatem.  ' 


'The  second  spparBtus  h  tbe  transmitter  (Fig.  391);  tfae  object  of  vhich 
ill  lo  receivB  the  alipa  of  paper  prepared  by  the  perforator,  and  lo  transmit 
the  currents  In  Che  order  and  direction  eorreepondlng  to  the  hales  perforated 
in  the  Blip.  This  it  effects  by  mechaniam  somewhat  eimilar  to  that  by 
which  the  perforator  performs  its  ruoctlons. 

'  An  eccentric  prodncea  and  regulates  the  occurrence  of  three  distinct 

a  groove  fitted  U>  receive  the  slip  of  paper,  and  to  carry  it  forward  by  its 
jnlvMicing  motion;  2.  The  elevalioiittvuideiftessujn  of  a  spring-clip,  which 
tplda  the  slip  of  paper  firmly  auiiosttie  wcsfllvo^iivqiiiio.Vii.sSitiTi* -a.  >u. 
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e  freely  during  the  sdvancing  motion  ;  3.  The  gimulUTieonB  elevation  of 
e  wiTes  placed  parallel  to  eiuh  other,  restiag  at  one  of  their  enda  over  the 

of  the  eccentric,  and  their  free  enda  entering  cotreBponding  holea  in  the 
ired  A'ame.  Thwe  three  wirea  are  cot  fixed  to  the  axiB  of  the  eccentric, 
esch  end  of  them  resta  againat  it  bj  tbe  upward  preasive  of  a  spring ; 
lat  when  a  light  preaauro  is  exerted  on  the  free  enda  of  dthei  of  them, 

cajwbls  of  being  separately  deprewed.  When  the  atip  of  paper  is  not 
■ted,  the  eccentric  is  in  action  1  a  pin  attached  to  each  o(  the  extcmal 
8  tonchea,  during  the  advandog  and  receding  motions  of  the  frame,  a 
rait  spring,  and  an  arrangement  ia  adopted,  hy  means  of  insulation  and 
«cts  properly  applied,  by  which,  while  one  of  the  wiica  is  elevated,  the 
r  nnnidni  deprened ;  tbe  current  passes  Snm  the  riieomotor  to  the  tele- 
)hic  circuit  in  one  diiectjon,  and  passes  in  the  other  direction  when  tba 
I  before  eleyated  ie  depreoed,  and  met  mh^  ;  but  while  both  wires  are 
iltaneODSl;  elevated  01  deprened,  the  pasting  of  tbe  current  is  inter- 
led.  When  the  prepared  slip  of  paper  ia  inserted  in  the  groove,  and 
-ed  forward  wheoever  the  end  of  one  of  the  wires  enters  an  aperture  in 

of  the  other  wire  enters  an  apertare  of  the  other  row,  it  passes  in  the  other 
ction.  Bj  this  means  the  currents  are  made  to  succeed  each  other  mifn- 
I'coi'y  in  their  proper  order  and  direction,  to  give  the  requisite  variety  of 
lals.    Tbe  middle  wire  only  acts  aa  a  guide  during  the  operation  of  the 

ed  by  the  band,  or  by 


i  »nl}  a  single  telegraphic  wire. 
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*The  third  ap[>anthi8  is  the  reoordiiig  or  printing  apparatus  (Fig.  3tQ2\ 
which  prints  or  impresses  legible mariis  00  a  strip  of  paper,  correspfmdinfr 
in  their  arranf;iMnent  with  the  apertures  in  the  perforated  paper.    The  pens 
or  ittylcft  are  elevated  or  depressed  by  their  CMinection  with  thfe  movii^ 
parts  of  the  electro-magnets.    The  pens  are  entirely  independent  of  each 
other  in  their  action,  and  are  so  arranged  that  when  the  current  passes 
through  the  coils  of  the  electro-magnet  in  one  direction,  one  of  the  pens  is 
depre!>tieil,  and  when  it  passes  in  the  contrary  direction  the  other  is  de> 
pn^AMNl ;  when  the  currents  oease,  light  springs  restore  the  pens  to  th»r 
elevated  points.' 

The  mode  of  supplying  the  pens  with  ink  is  the  following  :— 

A  reservoir  about  an  eighth  of  an  inch  deep,  and  of  any  convenient  Ieiig& 
and  broadth,  is  made  in  a  piece  of  metal,  the  interior  of  which  may  be  gilt, 
in  order  to  avoid  the  corrosive  action  of  the  ink ;  at  the  bottom  of  this 
re$cr\-oir  are  two  holes,  sufficiently  small  to  prevent  by  capillary  attraction 
the  ink  from  flowing  through  them  ;  the  ends  of  the  pens  are  placed  imme* 
diatt'ly  above  these  small  apertures,  which  they  enter,  when  the  eilectro- 
magnets  act  upon  them,  carrying  with  them  a  sufficient  charge  of  ink  to  mike 
a  legible  mark  on  a  ribbon  of  paper  passing  beneath  them.  The  motioaof 
the  paper  ribbon  is  produced  and  regulated  by  appaimtos  similar  to  tfaoee 
employed  in  other  register  and  printing  telegraphs. 

AVheatstone  subsequently  abandoned  his '  single-needle '  printing 
method  and  substituted  the  Morse  alphabet,  and  this  system  is 
verr  largely  used  by  the  Post  Office  in  England. 

The  advantages  of  the  automatic  over  the  key  system  an 
very  great.  No  manual  dexterity  on  the  part  of  the  operator 
could  compete  in  rapidity  with  that  obtained  by  the  automatic 
process,  whicli  is  only  limited  by  the  rapidity  with  which  the 
recurring  motions  of  the  transmitter  can  be  effected.  Moreover, 
as  the  prepared  messages  may  be  transmitted  with  equal  rapidity 
in  whatever  language  the  cypher  may  be,  and  as  the  perforated 
bands  may  be  prepared  at  leisure,  guarantees  of  accuracy  are 
obtained  which  cannot  be  afforded  by  the  system  of  immediate 
hand  transmission.  These  advantages  would  be  greatly  in- 
creased if  the  messages  could  be  prepared  by  the  correspondents 
themselves,  which  they  could  easily  be,  if  they  would  take  the 
trouble  of  learning  a  telegraphic  alphabet.  Thus  a  merchant's 
clerk  might  prepare  the  messages  of  the  firm  in  the  punched  paper 
required  for  Wheatstone's  transmitter:  this  prepared  x>aper,  on 
delivery  at  the  telegraph  office,  would  simply  have  to  be  passed 
through  the  machine  when  its  turn  arrived,  and  the  corresponding 
dotted  tape  received  at  the  distant  station  could  at  once  be 
addressed  and  be  delivered,  to  be  deciphered  by  the  receiver  at  lus 
leisure. 


CHAPTER  XVIII. 
ELECTEIC  TELEGRAPHY  (eoniinued). 


The  Submsrine  Cable— Sfaallow-water  C»bl(«— Deep-sea  CsblM— The 
Conductor  of  the  SuhmuiDe  Cable— The  Insulator— The  Inanlatiiig 
Fropenia  of  Different  Materiala — The  EJttenud  Protection — Submer- 
■ioil  of  Sabmsrine  Cables— Accideats  to  Submarine  Cables— The  Ele^ 
trical  Propertiee  of  the  Submarine  Cable — Retardation  of  Signals — 
Electric  Wavea—DiatribiitioQ  of  Electricity  In  Submarine  CHble*— 
Testing  Cables— Thomson's  Electrometet— The  Quadrant  Electrometer 
—The  Syplion  Recorder— Detection  of  Faults  in  Cables. 

1,369)  1>«  SalinuuiBe  Cabbie. — I.  ShaUotD-water  Cable*. — In 
1840  Rrofessor  Wheatstone  suggested  to  the  Select  Oonmiittee  of 
the  Hoiue  of  OommoDS  on  Railways  the  submersiori  of  a  sub- 
marine  tslegrapli  between  Dover  and  OaUis,  and  subsequentlj 
fnrdiet  developed  hie  plans ;  but  the  first  efficient  submariae  tele- 
firaplii  which  was  actually  lud  down,  was  the  line  between  nover 
and  Oaki*  projected  by  Mr.  Brett,  and  completed  by  Mr.  Crauiptou 
in  1 85 1.  In  the  year  before,  however,  an 
uncoveredgutta-percliawirewaBSUCcees- 
fully  laidf  and  conununicalion  was  main- 
tained for  aavaial  hoim ;  the  wire  was, 
howerer,  destroyed  by  some  fishennea 
Fortdons  of  tbis  wii*  have  bean  very 
lately  recovered,  and  both  eleclncally 
mid  meehamcaUy  the  gutta-percha  v 
fonnd  to  be  in  tlie  higheat  condition  after  ^ 
a  submenion  of  fully  twenty-seven  years 
The  cable,  a  section  of  which  is  shown 
in  Fig.  393,  consisted  of  four  copper  m 
ducting  wires,  No.  16  B.W.G.  (0065 
inch  diameter),  each  insulated  vitb  gutta-percha  of  No  3 
B,W.G.,  twisted  together  with  a  tarred-hemp  uovermg,  formed 


Dom  and  Calais. 
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iiiti)  a  rope,  which  iraa  agun  aerved  with  tarred  hemp,  tiA 
pnrtected  with  iron  wires  of  No,  r  gftuge.  This  caUe,  wluth 
weiirliEd  about  6  tons  to  the  Btatnte  mile,  was  worked,  vitk 
nccwiimol  injuriee  from  anebon,  till  the  Bpriug  of  1859,  when 
exti.<n)>ive  repairs  were  undertaken,  in  the  coiina  of  which  it  wii 
found  that  the  ^ttoi-percha  covering  of  the  coppei  wine  was  in  u 
Ifwi  order  aa  when  first  laid — so  ccHnplela  had  been  the  piotMtin 
ulfordcd  by  the  tarred  hemp  and  the  immenion  in  watu.  Sou 
1859  this  cable  bos  been  repeatedly  broken  and  cotnmniricatiiin 
interrupted,  but  the  lepurs  have  been  speedily  accomplished.  It 
hail  bi«u  found  that  for  certain  poitiona  of  the  distance  ozidstDO 
ha*  set  in,  end  many  renewals  have  token  place,  whilst  m  etlia 
pnrlinns  the  cable  boa  remained  uuinjured  and  is  still  m  exeellatt 
ciinditina.  The  portion  nearest  to  Dover  ho*  been  entirely  renevtl 
Thi-  fai'ility  of  repair  is  now  so  great  that  the  Submanne  Gomjav^ 
w)io  own  this  cable,  have  found  it  neceasaiy,  on  account  af  tb 
number  of  cables  they  possess,  to  build  a  npaim^  atup.  Hui 
TLtiHi'l  has  for  years  been  constantly  employed 

In  1853  a  cable  with  ax  conducting  wires,  ■nwilafail  br  t 
double  covering  of  gutta-percha,  was  laid  between  Dover  iii 
0»ti>nd,  shown  in  section  in  Fig.  394,  very  ■inulai  to  the  Dom 
and  Ofjois  cable,  and  weighing  7  tons  per  mile     Shortly  after  t 
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calilp,  25  miles  long,  was  laid  from  Donagbadee  in  Ireland  i' 
Port  Patrick  in  Scotland,  acroes  the  Irish  Channel ,  its  -«  ei^ht  viu< 
tlie  tame  us  that  of  the  Dover  and  Ostend  cable  (Fig  395)  The 
MediternLnean  cable,  which  is  of  the  bame  size  and  construction  10 
the  Irittor  was  Iwd  in  1854,  from  Spezzja  to  Oorwca,  «  distaace  of 
iToiiiilps.  This  has  rince  been  recovered.  In  1858  a  line  wM 
laid  between  England  and  Hanover,  :3o  miles  in  length,  conlainii^ 


Big  396. 
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'WO  conducting  strands,  uid  weifrbing  3  tons  per  mile.  Thia  c»ble 
«u  sii1)aec|UMitlj  ab&udoned,  only  &  small  portion  luTing  been  re- 
covered It  was  found  tmpoesible  to  repair  it  in  consequence  ot 
its  being  deeply  embedded  m  the  eand  Two  other  cables  were 
Ud  in  1859 — one  a  very  heavy  one,  between  Folkestone  and 
Boulogne,  weighing  9^  tons  per  mile,  containing  sis  Conducting 
atrandB  of  copper  wire,  insulated  with 
gutta-percha  and  Ohattarton'scompound 
!niepnQcipol  ingredient  of  this  compound 
ii  gntta-percha,  with  sufficient  wood- 
tu  and  resin  to  give  it  proper  con< 
dstencTi  it  IS  apphad  by  pnasiDg  the 
wire  through  a  vessel  containing  it,  / 
fitted  with  proper  gauges,  immediately  \ 
before  the  die  that  puts  on  the  guttiv- 
percha ,  as  the  mixture  becomes  cold  i\ 
hardens  The  Other  cable  was  laii! 
between  England  and  Denmark  it  wu 
]50D)i1es  long,  weighed  4  tons  per  mile, 
and  (ontamed  three  conducting  strands  (Fig  396)  This  cable 
hsa  also  been  abandoned 

In  the  first  four  lines  laid  down  by  the  International  Telegiaph 


Company,  between  Orfordneas  and  the  Hague,  in  1 853-4,  four  single 
wii«B  were  lud  in  four  separate  light  cables.    For  a  distance  of  four 
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milM  from  each  shore,  where  ehipa  wen  thongtA  more  likelj  to 
drop  their  uicbon,  a  luge  shore  end  wtt  laid.  Aa  it  wsa  origi- 
nallj  intended  to  U;  mtbd  cables,  the  shore  end  mu  foimed  tf 
MTeu  portions  of  the  deep-aea  cable  laid  up  togethm',  w  aa  to  form 
one  luge  heavy  cable,  weighing  about  15  tana  to  tlw  mila  To 
tbia  cable  the  four  imaller  onee  were  united.  The  core  waa 
donble-coTered  guttB--percba  wire  wrapped  with  tape  and  jani, 
extemall;,  and  coTsred  with  ten  So.  8  galTanised  iron  wirea  laid 
on  helically.  These  lines  were  so  frequentlj  damaged  actndentall;, 
and  occaaionaUy  wilfullj,  that  tiuai  repair  required  Q»  almost 
constant  servicea  of  a  vessel  and  crew,  kept  for  the  purpcM ;  and, 
theiefore,  to  put  an  end  to  so  aerious  an  expenditure,  a  larg«  caUe 
with  foul  conductiDg  wirea  has  been  laid  down  in  thdr  atead,  but 
between  different  points.  The  Ibui^wire  cable  was,  in  the  fiitt  place, 
laid  from  DuQwich  to  Zandvoort  in  1859,  bnt  aubseqnently  the 
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Kngli^b  end  was  removed  to  Lowestoft,  from  which  place  a  second 
four~wire  cuble  subsequently  was  laid  to  the  same  place  in  Holland. 
2.  Dfrp^sea  Cablet. — Proposals  having  been  made  bj  Mr.  Cjrui 
Field  tJD  cross  the  Atlantic  with  a,  cable,  experiments  upon  the  form 
of  cable  best  suited  for  the  deep-sea  purposes  were  made  at  MeBsre. 
Glass  and  Elliot's  works.  The  form  selected,  a  section  of  which  is 
shown  in  Fijr.  400,  waa  i:alculal«d  to  bear  three  tons.  It  consisted 
of  a  strand  of  seven  copper  wires,  each  No.  I3j  Rauge,  weighing  93 
poundsper  mile,  covered  with  three  coals  of  gutta-percha,  weighing 
227  pounds  per  mile,  seived  witt  Uiteada  q{  iirta  ^arn,  saturated 
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ith  a  composition  of  tar  and  other  materials,  and  coated  with 

ighteen  strands  of  iron  wire,  each  strand  containing  seven  wires 

hch.  of  No.  22  gauge.     The  manufacture  of  this  cahle 

rats  commenced  in   Fehruary  1857,  and  the  entire 

en^th  (2,500  miles)  was  finished  in  July  of  the  same 

'ear.     The  summer  having  been  very  hot,  and  the 

(able  exposed,  it  became  partially  injured.    A  con- 

oderable  variation  in  the  conductivity  of  the  copper 

grire  was  observed  during  the  process  of  testing.  section  of 

The  expedition  for  laying  this  cable  left  Valencia  Atlantic  Cabi^^ 
on  August  7,  1857,  and  the  cable  continued  to  be  sue-  ^  ^^' 
cessfully  paid  out  until  the  nth,  ^hen  it  broke  in  2,000  fathoms  of 
water,  after  about  335  miles  had  been  laid.  The  dynamometer,  at 
the  time  the  cable  parted,  indicated  a  strain  of  35  cwt.  On  ex^ 
amination,  it  was  found  that  the  cable  wad  injured  either  by  coiling 
or  uncoiling,  or  by  the  original  exposure  to  heat,  and  the  amount 
of  leakage  was  high. 

In  the  spring  of  1858,  two  unsuccessful  attempts  were  made  to 
lay  the  cable,  but  it  was  successfully  accomplished  in  the  summer 
of  the  same  year,  between  July  17  and  August  5,  and  several 
messages  were  sent  through  it.  On  September  i  intelligible  si<<nal3 
ceased  to  be  received. 

•  We  attribute  the  failure  of  the  enterprise  to  the  original  design  of  tlie 
cable  having  been  faulty,  owing  to  the  absence  of  experimental  data  ;  to 
the  manufacture  Slaving  been  conducted  without  proper  supervision ;  and 
to  the  cable  not  having  been  handled  after  manufacture  with  sufficient 
care.  We  have  had  before  us  samples  of  the  bad  joints  which  existed  in 
the  cable  before  it  was  laid,  and  we  cannot  but  observe  that  practical 
men  ought  to  have  known  that  the  cable  was  defective,  and  to  have  been 
aware  of  the  locality  of  the  defects  before  it  was  laid.'  ^ 

The  Channel  Islands  telegraph  was  laid  from  Portland  to 
Aldemey,  Guernsey,  and  Jersey  in  August  1858.  It  consisted  of 
four  strands  of  copper  wires  forming  one  conductor,  covered  with 
gutta-percha,  and  protected  by  iron  wires,  the  weight  being  about 
2^  tons  per  mile ;  the  length  was  93  miles,  and  the  depth  of  the 
water  is  nowhere  greater  than  60  fathoms.  In  the  month  of 
February  1859,  this  cable  was  broken  at  Jersey  by  being  chafed 
against  the  rocks  in  a  violent  gale.  Another  accident  occurred  to 
It  eight  months  after  it  was  laid,  four  miles  from  the  island  of 
Portland,  where  the  tide  had  caused  it  to  work  upon  a  ridge  of 
rock  jn  25  fathoms  of  water,  which  had  worn  it  through.  This 
3able  was  subsequently  abandoned  from  the  expense  involved  in 

1  Report  of  the  Joint  Committee  appointed  by  the  Board  of  Trade  and 
;he  Atlantic  Telegraph  Company,  1861. 
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/.'.  /J','//  t.'i':  M<:'JiV:-'74r.'Afi  \\x\hrAv>^  CoTDpaiiy  laidcaoies  from 
f';iy,iitri  ^ ::A.t'Ui.',ikf  V*  .SU^Ui,  afid  from  Malta  to  Corfu.  The  line 
/.'/fij;i.'fi"l  '*f  a  ktra/.'l  of  rji\,^,T  wir*rf*  iorminy^  one  conductor,  coTered 
y/itli  (/iji.t.;>.  f/4-r';ha,  and  prot/;Ct^^i  l>y  a  serving  of  tarred  yam 
it,yfu*\  y/j».h  iron  wir«;«.  Tho  rjaWe  weig-hed  18  cwt.  per  mile. 
'Ihi\  Uht^  fiitm  iUiyVum  V»)  N\a\\Ji  v^otWV.  vjvML  W  l^^lve  months, 
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ivhen  a  fault  occurred ;  this  Tanlt  itm  repaired,  and  the  line  worhctl 
•gHin  for  Beversl  weeks,  when  it  again  failed.     The  Une  betwe«n 
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Malta  aad  Corfu  waa  laid  in  depths  extending  to  nearly  ifao 
fathome ;  it  remaned  in  good  working  order  for  about  a  jear  and 
tbree-quartere,  and  then  aaddenlj  broke  down.  CommimicatioD 
■bet-ween  these  points  has  aubeequently  been  obtained  by  other 

Lines  between  tiie  Dardanelles,  Syra,  Candia,  and  Ather.s  baTs 
been  laid  bjMr.  Newall^  and  between  Spain,  Majorca,  and  Minorca 
b;  the  Spanish  OoTemment,  manufactured  bj 
Mr.  Henley.  The  cable  between  Toulon  and  ^^^ 
Al^rs  was  manufactured  by  Messrs.  Gla«s  and 
Elliot.  It  consisted  of  a  strand  of  copper  wire,  < 
weighing  400  Iba.  per  mile  (I<lg.  404),  covered  with  v 
four  coats  of  gutta-percha,  alternated  with  fourfj^^ 
coats  of  Chatterton'a  compound,  also  weighing  400  " 
lbs.  per  mUe,  served  with  tarred  rope,  and  protected 
by  sieel  wires,  covered  with  hemp  to  prevent  their  ^^Jfjl 
corrosion.  The  diameter  of  the  complete  cable 
was  o-S  inch.  This  cable  has  since  failed  and  been  replaced  by 
another.  The  core  of  the  Malta-Alesandna  cable  (Figs  405,  406, 
and  407)  consisted  of  a  strand  of  ^ven  copper  wires,  weighing 
400  lbs,  per  nautical  mile,  covered  with  three  coatings  of  gutta- 
percha, alternated  with  three  coatings  of  Obatterton  s  compound, 
also  weighing  400  lbs.  per  nautical  mile.  This  core  was  served 
with  hemp,  saturated  with  tar,  and  covered  with  eighteen  No.  1 1 
iron  wires,  for  the  deep-vrat^r  portion,  the  shore  end  being  covered 
with  No.  o  iron  wires.  The  line,  as  originally  devised,  was  to 
have  been  laid  between  England  and  Gibraltar,  where  for  300  miles 
depths  of  from  1,500  to  2,500  fathoms  would  he  encountered,  and 
tae  covering  for  this  portion  was  to  have  been  of  steel  wires,  each 
coated  with  hemp.  When  the  Gibraltar  line  was  abandoned,  the 
steel  and  hemp  covering  was  given  up,  and  the  iron  covering  was 
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□p  to  A  pnMure 

IX  \tuf  exhsBBted  from  diB  tuk 

vncl  imulfttioB  of 


t  li  :a»  itii»  WW*  xtA  mi  *  weM  nstem  of  com- 
I^  nifau  ><t»ging  to  the  English 
GartranuaK.  -wat  '.mii  in  t&»»  Mcdoo*:  Mktta  to  THpoli, 
Ts>-<1 »  Binnw.  Biw3BK  s>  Xbsandria.  It  laeled  for  eome 
Ti^sn.  bu^  :^uii:  ixLTB  Ktowd  cium^^ItM.  Dec«satatiiig  the 
.     S«W>i3«nlj  i.iS67>,  on  the  Isjing 


of  k  ckble  diiect  from  Malta  to  Aleiaadria,  the  caUe  wm  than' 
doned,  u  much  of  it  as  poasible  being  ncovered.  Since  then  a 
•econd  direct  csUe  has  heen  laid  between  the  same  points. 

In  l86s  Ur,  Cjrua  field's  energy  resuscitated  Atlantic  tele- 
gnphj.  It  was  determined  to  try  another  cable,  whose  condnctor 
was  toTmei  of  aeien  co^^t  ^ru«B,  so.  iQ>mA.  ona  (^^^  ipS  and 
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Fig.  4=8. 


109')  J  the  condnctiiig  power  of  the  wires  wm  carefully  eitunioed, 

Uid   none  having  &  Ibbb  capacity  than  85  per  cent,  of  that  of  purs 

sopper  'wae  used.'     The  centre  wire  wtia 

fttst  coTered  with  Chatterton'B  compound 

ao    thickly,   that  when   the   other   six 

"vdreB    fonning    the    strand   were    laid 

•pirally  round  it,  every  intarBtice  be- 
came tilled,  and  air  excluded.  The  con- 
ductor thus  formed^neit  received  another 
conting  of  Chatterton'e  compound,  and 
was  then  sturounded  with  a  coating  of 
the  puieet  gutta-percha,  which  passed 
round  it  in  a  plaslic  atste  by  means  of 

a  very  accurate  die,  and  sheathed  the  _  

whole  in  a  eontintiaua  tube.     Over  this 

was  again  laid  another  coating  of  Chatterton's  compound,  to  this 

(ucceeded  a  second  coating  of  gntta-percba,  tben  another  eoatinp 

H«.  ,09. 


Cable,  ie6;. 


of  Chatterton's  compound,  and  so  on  alternately  until  the  wire  was 
coveredwith  four  coatings  of  gutta-percba  and  fourof  the  compound. 

I  For  muiy  fears  di 
e>bl«s  baa  been  fixed  b< 
iE  oAen  exeeeded. 


494  SUBHABINE  TELEGRAPBT. 

The  whole  conductor  was  immersed  in  water  at  75^  Fah.^  in  which 
it  remained  for  twenty-six  hours,  during  which  time  it  was  con- 
stantly suhmitted  to  electrical  tests.  The  perfect  character  of  the 
insulation  having  been  proved,  the  core  was  carefully  wrapped 
with  jute,  which  had  been  submitted  to  the  action  of  catechu,  and 
as  fast  as  the  wrapping  proceeded  it  was  coiled  in  water,  in  which, 
not  only  at  this  stage,  but  ever  afterwards,  till  finally  deposited  in 
the  sea,  the  cable  was  stowed.  The  wrapping  was  surrounded, 
spirally,  by  ten  wires,  manufiEUstured  from  homogeneous  iron,  each 
separate  wire  being  itself,  in  the  first  instance,  covered  with  tarred 
Manilla  yam,  by  which  the  iron  was  protected,  and  the  specific 
gravity  of  the  mass  lessened. 

The  *  shore  end '  of  the  Atlantic  cable  was  the  largest  at  that 
time  ever  constructed  (Fig.  409).  The  core  was  formed  by  the  main 
cable,  which  was  wrapped  with  a  serving  of  yam  to  a  size  sufficient 
to  receive  around  it  twelve  strands  of  iron  wire,  each  strand  being 
composed  of  three  galvanised  iron  wires,  each  nearly  a  quarter  of 
an  inch  in  diameter.  The  weight  of  the  completed  shore  end  was 
nearly  20  tons  to  the  mile.  Its  diameter  was  2^  inches,  but  at  its 
junction  with  the  main  cable  it  was  made  to  taper  down  to  the 
size  of  the  latter  by  a  gradual  diminution  in  diameter  extending 
over  500  yards.  The  shore  end  was  laid  out  for  about  28  miles 
from  the  coast  of  Valentia  Island,  where  it  reached  water  of  the 
depth  of  100  fathoms.  The  weight  of  the  deep-sea  cable,  according 
to  the  company's  statement,  in  air,  was  35  cwt.  3  qrs.  per  nautical 
mile  of  2,028  yards,  and  its  weight  in  water  14  cwt.  to  each  nautical 
mile,  being  only  a  fraction  heavier  in  that  medium  than  the  old 
cable,  though  /bearing  more  tlian  twice  the  strain — that  is  to  say, 
it  would  bear  its  own  weight  in  1 1  miles  deep  of  water.  Its  breaking 
strain  was  7  tons  15  cwt.  The  length  of  cable  shipped  on  board 
the  Great  Eastern  was  2,300  nautical  miles ;  the  actual  distance  from 
the  point  of  departure,  Valentia,  on  the  west  coast  of  Ireland,  to  the 
tenninal  point,  Heart's  Content,  in  Trinity  Bay,  Newfoimdland,  on 
which  it  was  to  have  been  landed,  being  1,670  nautical  miles. 

As  the  cable  was  finished,  it  was  received  into  enormous  iron 
water-tanks,  constructed  for  the  purpose  at  the  works,  at  Morden 
"VVharf,  Greenwich,  at  the  rate  of  about  80  miles  per  week.  As  the 
tanks  became  full,  their  contents  were  transferred  to  tanks  placed  on 
board  the  Amethyst  and  Iris,  by  which  vessels  they  were  conveyed 
to  the  Great  Eastern,  lying  in  the  Medway.  The  great  steamship  was 
fitted  up  with  three  tanks  to  receive  the  cable,  one  situated  in  the 
fore  hold,  51  feet  6  inches  diameter,  by  20  feet  6  inches  in  depth, 
its  capacity  being  for  693  miles  of  cable ;  one  situated  nearly 
amidships,  58  feet  6  incViea  "VixoaA,  «>.ii^  lo  ia^^.  ^  voahea  deep, 
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holding  899  miles  of  cable ;  and  one  situated  in  the  after  hold, 
S8  feet  broad,  and  20  feet  6  inches  deep,  and  contained  898  miles ; 
these  three  tanks  were,  therefore,  capable  of  containing  in  all 
2,490  miles  of  cable. 

The  great  ship  commenced  paying  out  the  cable  on  the  evening 
of  July  23,  1865.  At  3.15  A.M.,  on  the  morning  of  the  24th, 
when  84  miles  of  cable  had  been  paid  out,  Thomson's  Marine 
Gkdvanometer  (146),  the  instrument  used  in  the  system  employed 
in  testing,  showed  a  serious  fault,  which,  discovered  at  9  a.m. 
on  the  25th,  was  found  to  have  arisen  from  a  piece  of  wire 
of  the  same  kind  as  that  used  in  the  protecting  strands  of  the 
cable  itself  having  been  forced  through  the  outer  covering  of  the 
cable  into  the  gutta-percha  so  as  to  injure  the  insulation.  Measures 
were  at  once  taken  to  make  a  new  joint  and  splice,  the  cable  that 
liad  been  picked  up  being  rejected,  as  a  good  deal  of  it  had  been 
strained  in  the  process.  After  a  detention  of  some  twelve  hours, 
the  paying  out  machinery  was  again  put  in  motion,  but  not  more 
than  half  a  mile  had  been  paid  out  when  suddenly  all  communi- 
cation between  the  ship  and  the  shore  ceased ;  no  fault  had,  how- 
ever, occurred,  the  interruption  in  the  signalling  being  accounted 
for  by  the  electricians  by  the  supposition  that  the  order  of  the  tests 
bad  become  deranged  whiJst  the  splices  were  being  made  oo 
board.  After  a  detention  of  37  hours,  the  operation  of  paying  out 
the  cable  was  resimied.  After  about  716  nautical  miles  had  been 
paid  out,  '  dead  earth  *  was  found,  or,  in  other  words,  there  was  a 
complete  destruction  of  insulation,  and  an  uninterrupted  escape  of 
the  current  into  the  sea ;  the  injury  was  close  to  the  ship,  and 
proved  to  have  been  occasioned  by  a  piece  of  iron  wire,  *  bright  as 
if  cut  with  nippers  at  one  end,  and  broken  off  short  at  the  other,' 
driven  right  through  the  centre  of  the  coil  so  as  to  touch  the  inner 
wires ;  this  wire  was  found  to  have  the  same  thickness  as  the  wire 
used  in  making  the  protecting  cover  of  the  cable. 

In  the  early  morning  of  August  2  (about  8  A.M.),  when  within 
a  few  miles  of  the  very  deepest  part  of  the  Atlantic  plateau, 
another  bad  &ult  was  detected,  and  as  the  cable  was  being  slowly 
picked  up  it  parted,  in  latitude  51°  25',  longitude  39°  6',  1,062*4 
miles  from  Yalentia,  and  606*6  miles  from  Heart's  Content. 
Several  attempts  were  made  to  recover  the  cable,  but  without 
Buocess ;  and  the  attempt  was  abandoned  imtil  the  following  year. 
It  was  confidently  believed  that  the  cable,  although  resting  at  a 
depth  of  about  two  miles,  could  be  recovered  with  proper  apparatus, 
and  immediately  after  the  return  of  the  expedition  final  measures 
were  resolved  upon  for  the  next  year's  operations.  It  was  deter- 
mined to  make  an  additional  amount  of  cable  sufficient  to  lay  a 
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Kcond  mIiU  kctoh  the  AtUntde.  TIub  cable  wu  eaBentuQj  tie 
same  •■  tliu  other,  witli  the  eiceptioQ  that  the  MsniUa  hemp  wu 
nol  tarred,  but  loaked  in  a  preservative.  Anangementa  wen 
lURile  alro  for  e,  complete  ej'tteni  of  apparatus  for  grappliog  Uu 
Wt  cable.  In  i866,onthe  completion  of  the  Bhipping,  the 6ic*t 
Eastern,  Kccocopaiiied  bj  other  veegels,  atartad,  and  firet  eom- 
nienci-d  by  paving  out  the  new  able  (known  as  the  1S66).  TUi, 
with  the  exception  of  a  alight  acddent,  was  soeceMAdlj  to- 
coioplidhed,  and  the  Americaa  eod  waa  safely  landed  at  Heait'i 
Content,  Newfoundland,  on  Jul;  27,  The  uuulation  of  the 
cable  waa  perfect,  and  the  nicceaa^  iaaue  of  the  event  wui 
nutter  of  ftettt  cnngratnlatioii. 

The  expedition  then  alarted  for  the  recovery  of  the  lost  ealla 
of  the  previous  year.  The  cable  was  eagerly  sought  for,  ud 
so  exact  had  the  observations  boenlska 
to  identiiy  its  position  that  the  ealila 
was  actually  hooked  on  August  10,  W, 
owing  to  inclement  weather,  dif&ciillxi 
were  eDConnt«red,  and  it  was  not  nnlil 
September  i,  after  much  engineering 
skill  had  been  shown,  tliat  tlie  caUa 
itself  was  bron^t  on  board  the  Gwit 
Eastern,  when  it  was  found  to  be  ebcbi> 
cally perfect.  F!g.4iosfaows thegrapnd 
used  for  the  purpose,  fitted  with  epiinp 
to  prevent  the  cable  swinging  &oin  the 
grapnel-flukee  when  hooked.  Fig,  41I 
ahowB  the  manner  in  which  the  csUe 
was  finally  recovered.  The  cable  ww 
iiret  hauled  up  at  the  point  a  and 
buoyed.  It  was  then  caught  again,  and 
lifted  at  c  by  tlie  Givjat  Eastern,  whilst 
another  vessel — the  Medway — hooked 
it  further  on,  and  putting  on  rapid  and 
great  atrdn,  broke  the  cable.  It  was 
then  easy  for  ibe  Great  Eastern  to  bring  the  cable  above  water. 
The  grapnel-rope  used  for  the  occasion  consisted  of  a  combinatioiL 
of  steel  wire  and  hemp  strands  spun  together,  measuring  2I  iuches 
in  diameter,  and  formed  of  seven  smaller  ropes ;  it  was  calculat«d 
to  bear  a  strain  of  30  tons.  The  great  success  of  the  expedition  wa» 
principally  due  to  Captain  Moriarty,  ll.N.,  for  his  navigation,  and 
fo  Sir  Samuel  Canning  for  hi»  great  engineering  skill. 

(270)  A  cable    to   be    laid   in   a    deep   sea  must   of  coiuse 
be  strong,  both  absolutely  and  relatively  to  its  weight  in  water; 
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it  must  be  light,  or  the  great  lengths  required  cannot  be  conr 
Tonieiitlj  eanied ;  it  must  not  be  liable  to  stretch,  and^  it  must 


Fig.  41 X. 


coil  well,  and  be  paid  out  easily.  The  lighter  forms  of  cable 
used  first  for  deep  seas — ^as,  for  example,  the  Bed  Sea  cable  and 
the  first  Atlantic — were  generally  successfully  laid,  but  were 
not  pernumently  successful,  communication  genei*^y  ending 
within  a  year;  the  principal  causes  of  failure  being  bad  gutta- 
percha joints,  bad  copper  joints,  injuries  to  the  insulator  before  the 
cable  was  laid,  high  battery  power  burning  small  &ults  into  big 
ones  and  eating  away  the  copper,  and  lightning,  from  which  they 
wen  often  unprotected. 

Among  the  proposed  forms  of  deep-sea  cables  may  be  men- 
tioned Allan's,  shown  in  section  in  Fig.  412,  and  in  longitudinal 
view  in  Fig.  413.    The  principal  feature  of  this  cable  is  the  ab- 


fig.  4x3. 


Fig.  413- 


sence  of  an  outer  covering  of  wire,  the  giittapercha-covered  wire 
being  strengthened  by  a  layer  of  small  steel  wires  round  the  copper 
conductor,  which  is  0*114  inch  in  diameter,  and  weighs  240  lbs. 


Fig.  414. 


# 


Fig.  415. 


per  knot.  The  steel  wires,  19  in  number,  are  0*02  inch  in  dia- 
meter, weighing  about  120  lbs.  per  knot.  Allan's  cable  has,  how 
ever,  never  had  any  practical  trial. 

K  E 
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Siemois' c&Ue,  a  aectionof  the  copper  conditctiiig  core  of  which 
ia  shown  in  I^.  414,8  sectioti  of  the  cable  itself  in  Fig.  415,  slid  ft 
loDgitudinal  view  Id  Fig.  416.  In  thia  cable  iron  wires  are  omittal 
altogether,  and  another  material,  conmdeied  mora  durable,  is  aab- 


atituted.     The  ooTe  ia  avrrounded  with  two  lajets  of  hempen 
strandacc  (Fij;.  416),  laid  on  nnder  eonnderable  tension.   Three  ot 
more  stripn  of  copper  or  braas  b  o,  about  o'oi  inch  thick,  are  tiffl    . 
bound  round  theee  etranda,  while  the;  are  still  stretched  bj  tlw    J 
tenaioD ;  and  this  copper  or  brass  sheathing  grips  the  hempen  cordi    ' 
tight);,  so  ttiat  the;  cannot  contract  longitudineJl;  after  lesYiig   i 
the  machine.   Bj  thia  construction,  a  cable  is  obtained  which  is  ei-    I 
tremel  J  light  and  atrong ;  thus  a  cable  J  inch  diameter  bears  a  str^o     | 
of  1 5  cwt.  trafore  breaking,  and  atretchea  onl;  o'8  per  cent,  its  lengtii     | 
under  a  load  of  half  the  breaking  strain.   The  weight  of  the  copper     1 
conductor  of  thia  cable  ia  550  Iba.  per  knot,  the  diameter  of  tie 
core  o'S2  inch,  and  that  of  the  completed  cable  075  inch. 

Aa  a  protection  i^unst  rust,  Ohattertj^n  proposed  to  cover  each 
of  the  outer  wires  separately  with  gutta-percha.     A  cable  of  this 
„_  make  ia  shown  in  eeetion  in  Fig.  417,  wili 

strands  composed  of  three  iron  wiiaa  insteiid 
of  single  wirea  in  the  sheath;  and,  except 01 
icore  of  expense,  it  seems  well  adapted  to 
J  the  purpose.      It  has  been  proposed  also  10 
f' protect  the  iron  wires  by  vulcanite  applied 
i  either  as  a  general  coating  or  to  each  wire 
aeparatelv.      The  two  cables  laid  across  the 
Atlantic  in  1S65  and  1866  have  since  failed 
1 1  Cable,     ^ijj  have   been    abandoned,  hut  four  olhere 
have  been  laid  and  are  now  successfully  working. 

It  would  be  impassible  to  describe  the  various  cables  whichhsie 
been  l^d  ance  the  preceding,  but  at  the  present  time  this  countrf 
ia  connected  by  submarine  telegraphy  with  the  reat  of  the  worU. 
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More  eaUes  haTe  been  laid  across  the  Atlantic ;  connection  has 
been  made  with  India  and  Australia  by  cables  from  our  south 
eoast  to  Gibraltar  and  Alexandria,  from  Suez  to  Aden  and  Bombay, 
and  from  Madras  to  Singapore  (to  China  and  Australia).    South 
America  has  been  brought  into  close  communication  by  means  of 
Hie  cables  from  lisbon  to  Madeura  and  Pemambuco,  whence  cables 
eoMt  the  whole  way  along  the  Brazils  to  Buenos  Ayres.    The 
cafales  on  the  Ohili  or  west  coast  are  brought  into  connection  by 
tiia  sdbterxanean  line  across  the  Andes. 
^■.:     (271)  Tlie  GOBdaotor  of  the  Submarine  Cable. — ^The  best 
**  Material,  and  the  one  that  has  been  always  used,  is  copper.     Iron, 
though  cheap  and  strong,  has  so  low  a  conductivity  that  its  sectional 
area  must  be  increased  five  or  six  limes — that  is,  five  or  six  times  the 
woght  of  material  has  to  be  employed — to  bring  its  conducting 
capability  up  to  that  of  copper.    But  the  conductivity  of  copper 
is  affected  in  a  surprising  manner  by  the  presence  of  foreign 
sdbetances,  as  is  shown  by  the  following  table  by  Matthiessen. 


SabrtaaoeB  AUoyed  ^th  Pnre  Copper 

Conducting 
Power  of 

ADoy,  Pure 

Copper 

being  100 

Tempera- 

tnie, 
Centignule 

Girb<m— 

Copper  with  0*5   per  cent,  of  carbon 

77-87 

i8-3° 

Copper  with  0*18  per  cent,  of  sulphnr 

92-08 

19-4 

Photphona — 
Copper  with   '13  per  cent,  of  phosphorus 

7034 

20'0 

»*            '95           ft              ft          '        • 

24*16 

22*1 

,>          a-5             »»               »          •        • 

7*52 

17*5 

Arsenic — 

Copper  with  traces  of  arsenic   .... 

60-08 

197 

„          3*8   per  cent,  of  arsenic 

13-66 

19*3 

w          5*4             »»           »»     •        •        • 

6*42 

i6-8 

Zinc — 

Copper  with  traces  of  zinc       .... 

88'4i 

19*0 

„          1*6   per  cent,  of  zinc    . 

79*37 

i6-8 

»               3*2                ft             ft            '                      ' 

5923 

103 

Iron — 

Copper  with    '48  per  cent,  of  iron    . 

35*92 

11*2 

„           1-66           „        „         .        .        . 

28-01 

13*1 

Tin— 

Copper  with  1-33  per  cent,  of  tin      . 

5o'44 

i6-8 

»          2-52           ft       ft        ... 

33*93 

17-1 

ff           4'9              ft        ft          ... 

20'2<^ 

,      144 
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SnbeUnoeB  AUoyecl  wiih  Pnre  Copper 

CiondQcting 
Power  of 

AUoy,  Pnie 

Copper 
being  zoo 

Tempera- 
tore, 
Oentigiade 

Silver— 
Copper  with  1*22  per  cent,  of  silver  . 

n              **4S               »f          w            •           •           • 

Gold- 
Copper  with  3*5   per  cent,  of  gold   . 

Aluminum — 
Copper  with  10  per  cent,  of  alnminnin     . 

90*34 
82-52 

67-94 

12*68 

207 
197 

z8*i 

14-0 

The  addition  of  a  small  quantity  of  lead,  or  of  tin  (0*1  per 
cent),  to  copper  containing  suboxide  obtains  a  purer  metal|  and 
consequently  improves  its  conducting  power. 

Different  commercial  coppers  vary  also  greatly  in  their  con- 
ducting power.    Thus  pure  copper  being  icx>,  Matthiessen  founds 

Spanish  (Rio  Tinto)  to  be  14*24  at  14*8*'  Cent. 
Rossian  .        .        .    59*34  „  12*7      „ 

Australian  .  .  .  88*86  „  14*0 
American  .  .  .  92*57  „  15*0 
Bright  Copper  Wire  .  72-27  „  157 
Tough  Copper        .        .    71-03  „  17-3 


»» 


w 


»> 


It  appears  from  this  table  that  Rio  Tinto  copper  possesses  no 
better  conducting  power  than  iron.  Of  the  various  impurities 
present  in  commercial  coppers,  the  suboxide  of  copper  appears  to 
be  the  most  injurious,  the  conductiDg  power  of  the  metal  being 
diminished  by  it  in  one  case  as  much  as  28  per  cent.  There  is  no 
substance  which,  when  added  to  copper,  increases  its  conducting 
power,  and  it  is  scarcely  practicable  to  obtain  the  metal  perfectly 
pure ;  nevertheless,  it  is  highly  important  that  the  best  and  purest 
should  be  used  in  submarine  cables.  An  increase  of  10  per  cent, 
in  the  conductivity  of  the  metallic  core  of  a  cable  is  equivalent  to 
an  increase  of  10  per  cent,  in  the  number  of  messages  that  may  be 
transmitted  through  it  in  a  given  time.  The  conductor  of  a  cable 
is  not  usually  a  single  solid  wire,  but  a  strand  of  several  wires 
(from  three  to  seven).  This  entirely  removes  the  serious  defect  to 
which  a  solid  wire  would  be  liable,  that,  namely,  of  breaking  after 
being  bent  a  few  times ;  and  as  conduction  takes  place  through 
the  mass,  and  not  along  the  surface,  a  strand  and  a  solid  wire  of 
equal  weights  are  equaWy  goo^  eo\A\3LQiv«r»,   'S-W  \Qmta  of  the 
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^■t^uctor  are  made  by  soldering  together  two  filed  and  fitted  ends ; 
^*B  joint  is  wrapped  round  with  fine  copper  wire  to  strengthen  it, 
^4  solder  is  again  run  round  this  wire ;  a  second  wrapping  of  fine 
ai^pper  is  then  applied  and  left  without  solder. 

When  the  current  from  the  battery  escapes  from  a  hole  in  the 
isolator  into  the  sea,  chemical  action  is  set  up,  and  soluble  chlo- 
Ide  of  copper  is  formed ;  the  metal  is  thus  gradually  eaten  away, 
laid  metallic  continuity  interrupted.  The  current  from  the  nega- 
tive end  of  the  battery  tends  to  the  formation  at  the  fault  of  the 
llkali  soda,  which  causes  a  greater  leakage  by  enlarging  the  hole 
in  the  gutta-percha.  Mr.  Yarley  has  proposed  to  maintain  the 
metallic  continuity  by  twisting  up  a  fine  platinum  wire  with  the 
BOpper  strands  of  long  cables. 

The  conducting  power  of  the  copper  wire  intended  for  the  core 
of  the  cable  is  determined  by  means  of  Wheatstone's  j^aro^^/o^ram 
or  bridge  (no),  with  which  measurements  can  be  made  without 
a&  error  of  one  part  in  100,000,  and  the  resistance  of  all  wires 
oompared  with  the  standard  unit. 

The  following  are  some  of  the  points  to  be  attended  to  in  mea- 
nning  the  resistance  of  conductors  (F,  JenJdn,  Cantor  Lectures), 
All  the  resistance  coils  should  be  wound  double,  so  that  the  current 
may  pass  both  ways  round  the  coil  equally;  this  prevents  self- 
Laduction,  a  disturbing  element.  Oare  must  generally  be  taken  in 
using  the  Wheatstone  bridge  to  connect  first  the  battery,  and  then 
the  galvanometer.  The  battery  must  be  left  connected  for  the 
shortest  possible  time,  to  avoid  heating  the  wires ;  special  precau- 
tions must  be  taken  to  avoid  resistances  at  connections,  which  are 
often  considerable.  The  resistance  of  the  wires  composing  the 
balance  should  not  difier  too  greatly  from  that  to  be  measured : 
short-wire  galvanometers  answer  best  for  short  wires ;  long-wire 
galvanometers  for  long  wires.  One  cell  of  large  surface  generally 
gives  better  results  than  large  batteries ;  the  temperature  of  the 
wire  to  be  measured,  and  that  of  the  resistance  coils,  should  be 
accurately  observed.  Practically,  the  copper  of  a  cable  is  tested 
before  it  is  used,  to  ascertain  whether  its  quality  is  equal  to  that 
specified.  When  a  knot  of  wire  is  covered,  it  is  again  tested  for 
resistance,  to  insure  that  the  proper  quantity  and  quality  of  wire 
has  been  used ;  finally,  after  the  cable  is  covered,  the  resistance 
test  serves  to  check  the  length  of  the  cable  in  circuit,  to  insure 
that  the  conductor  is  in  no  point  interrupted,  and  that  the  tem- 
perature in  the  tank  is  not  higher  than  it  should  be^ 

(272)  Tlie  Znsnlator.— The  object  of  surrov 
lucting  wire  of  the  submarine  cable  with  an  inso 
is  to  prevent  any  serious  proportion  of  the  yoltl 
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Imnjr  diverted  to  the  sea  near  the  conductor.  The  iiuolatoi  icti 
the  |)art  of  the  pipe  directing  and  containing  the  eonent;  ths 
ropper  core  acts  more  nearly  the  part  of  the  vacant  space,  lUinriig 
tho  cum'nt  to  pass,  and  retarding  it  only  by  finction.  Bat  lo 
material  known  except  dry  air  will  peiftdOy  contain  electxiatf  *, 
fiomo  leakage,  indicated  by  a  current,  always  occurs ;  bat  thenlir 
tive  n«ii>tance  to  conduction  with  equal  bulks  of  gntta-peicha  ud 
Qoppt^r  is  as 

6o/xx),ooo,ooo,ooo/xx>/xx},  or  6  X  lo"  to  i. 

A  hotter  idea  of  the  vastness  of  this  number  will  be  obtMMi 
bv  obderring  that  light  would  take  a  cmtury  to  travel  thioifh 
tiic  number  of  feet  which  that  number  would  express.  Ik 
practical  efiect  of  this  degree  of  insulation  with  the  Atlantic  eon 
is  that  more  than  99^  per  cent,  of  the  current  leaving  Eng^ 
would  reach  America ;  any  improvement  in  insulation  will  t]M» 
fi)re  only  go  to  diminish  this  half  per  cent,  loss,  in  itself  of » 
coiiHuquenee  whatever.  Indiarrubber  has  a  higher  reoatiDn 
still.  The  chief  advantage  of  a  high  resiatance  is  the  fiidlityit 
aflbrds  for  detecting  faults.  The  simplest  test  of  the  soundnea 
of  an  insulator  is  to  connect  one  end  of  the  conductor  A  (Eg. 

418)  with  one  pole  of  a  battery^  s,  the  other  pcjb 
of  which  is  joined  to  the  vratw  surrounding  tha 
insulated  wire  in  the  tank  t.  If  a  galvanomste, 
e,  be  placed  between  the  battery  and  the  cod- 
ductor,  and  the  other  end  of  the  conductor  iiuQ- 
lated;  any  current  producing  a  deflection  in  the 
pralvanometer  must  pass  through  the  sheath  from 
the  copper  to  the  water.  Such  a  current  is  ofteo 
called  a  leakage.  With  a  battery  of  knoirn 
strength,  and  a  galvanometer  with  which  the 
observer  is  already  well  acquainted,  the  greater  or 
leRs  deflection  of  the  galvanometer  needle  ^nll 
often  be  sufficient  to  show  whether  this  leakage  is 
so  excessive  as  to  indicate  a  flaw  in  the  insulator 
connecting  the  water  with  the  copper.  The  test 
is  a  rude  and  imperfect  one,  but  it  may  be  made 
to  express  with  some  accuracy  the  resistance  of 
t}ie  insulator  in  the  same  units  as  those  used  for  the  conductor 
(see  Fleeming  Jenkins  Cantor  Lectures  on  Submarine  Telegraphy, 
lecture  iv. ;  Joum.  Soc,  Arts,  Feb.  23,  1866). 

(273)  Tbe  Znanlatingr  Properties  of  nifferent  BKaterlalt. 
— I.  Gutta-percha, — When  pure  and  dry,  this  is  one  of  the  best 
insulators  known,  but  as  a  material  for  covering  a  conductor 
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t   lias  serious  defects  in  practice;  it  gets   soft  by  heat^  and 
B  then  readily  injured )  it  absorbs  oxygen  from  the  air^  and  be- 
toznes  converted  into  a  brittle  resin,  which   easily  cracks.    This 
sliang^  goes  on  in  dry  earth,  and  to  a  certain  extent  in  fresh  water 
but  apparently  not  in  salt  water,  as  guttarpercha  which  has  re- 
mained in  salt  water  for  nearly  thirty  years  has  been  found  quite 
unchanged  (269).    A  cable  which  has  been  properly  and  carefully 
tested  before  and  during  submersion  should  not  afterwards  exhibit 
any  electrical  fault.     Lightning  has  frequently  occasioned  the 
deBtructdon  of  cables ;  but  it  is  now  invariably  the  custom  to  attach 
lightning  conductors  to  each  end  of  a  cable,  however  short.    The 
Tarious  lightning  conductors  attached  to  the  British  cables  are  fre- 
quently examined,  and  they  constantly  show  that  they  have  arrested 
lightning.  Gutta-percha  is  easily  perforated  even  by  sparks  from  an 
electrical  machine,  and  a  battery  of  500  cells  will  do  the  same  in  a 
few  minutes.  But  the  manufacture  of  gutta-percha  has  been  greatly 
impioved  of  late;  the  special  varieties  prepared  by  the  Gutta^ 
percha  Company  almost  rival  india-rubber  in  insulating  power, 
and  possess  a  specific  inductive  capacity  25  per  cent,  less  than  the 
ordinary  gutta.    A  mixture  of  alternate  layers  of  gutta-percha 
and  Ohatterton's  compound  is  an  extremely  perfect  insulator,  but 
it  has  the  disadvantage  of  softening  by  heat,  so  that  it  will  not 
stand  hot  climates.    When  gutta-percha  is  mixed  with  imperfectly 
conducting  substances,  such  as  pounded  cocoarnut  shell,  or  in  the 
material  known  as  Godefro/s  compound,  the  effect  is,  according 
to  Wheatstone's  experiments   (Heport  of  Submarine  Telegraph 
CommUtee),  greatly  to  reduce  the  insulation  and  to  increase  the 
induction ;  so  also  the  interposition  of  cotton  between  two  layers 
of  g^tta-percha,  as  in  Hoarder's  cable,  is,  according  to  the  same 
authority,  equally  disadvantageous.     A  most  successful  improve- 
ment has  been  introduced  of  late  years  by  Mr.  Willoughby  Smith 
into  the  manufacture  of  guttap-percha,  which  has  resulted  in  the 
reduction  of  its  '  inductive  capacity   about  20  per  cent.    This  in 
connection  with  long  submarine  cables  is  of  great  advantage,  for, 
whilst  admitting  of  a  large  increase  in  speed,  it  requires  a  smaller 
quantity  of  the  insulating  material.    A  great  number  of  cables 
have  been  made  with  this  material.     Its  insularion  is,  however, 
not  80  high  as  the  ordinary  gutta-percha. 

2.  India-^iibber. — From  its  cleanness  and  purity,  its  high  non- 
conducting power,  and  its  low  specific  inductive  capacity,  this  is 
admirably  adapted  for  telegraphic  purposes.  It  bears  a  tempera- 
ture of  212°  with  impunity^.  There  are  two  varieties  of  india- 
rubber  met  with  in  commerce.  The  East  India  gum,  which  is  thr 
cheaper,  is  apt  to  become  sticky  by  exposure  to  fiie  air,  and  is  no 
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therefore  adapted  for  telegraphic  purposes;  the  Paia  gum,  the 
well-known  bottle  india-rubber,  is  much  more  durable,  and  is  an 
excellent  insulator.  The  substance  known  as  vulcanised  india- 
rubber — a  term  applied  to  a  mixture  of  india-rubber  and  sulphur 
— exists  in  two  very  distinct  forms,  mz,  highly  elastic,  and  in 
the  form  of  a  hard,  black,  brittle  substance,  capable  of  taking  a 
high  polish,  and  known  under  various  names,  such  as  vulcanite^ 
ebonite,  and  carbomaed  caoutchouc.  If  not  adulterated  with  con- 
ducting substances,  it  is  in  all  forms  a  highly  perfect  insulator,  and 
in  the  form  of  vulcanite  it  is  not  inferior  to  pure  caoutchouc.  It 
is  fast  superseding  ivory  and  glass  for  electrical  purposes  and  for 
electrical  machines.  It  does  not  readily  attract  moisture  to  its 
surface,  like  glass ;  but  when  exposed  to  the  weather,  it  constantly 
gives  off  sulphur,  and  its  surface  in  the  course  of  time  becomes 
porous  and  absorbs  water;  were  it  not  for  this  defect,  it  would  be 
of  great  value  for  telegraphic  insulation.  The  elastic  variety  is 
permanent  under  water,  though  not  at  all  durable  when  exposed 
to  the  weather. 

3.  Hooper's  Core. — This  is  a  form  of  vulcanised  indiarrubber 
which  has  met  with  a  large  amount  of  success.  The  core  is  made 
by  first  lapping  apound  the  conductor  one  or  more  fillets  of  mas- 
ticated india-rubber,  over  which  a  lapping  of  india-rubber  com^ 
pounded  with  oxide  of  zinc  and  French  chsdk  is  applied,  and  finally 
over  this  a  third  lapping  of  a  similar  mixture,  or  with  oxide  of 
lead,  mixed  with  sulphur.  The  whole  is  tightly  bound  with  a 
fibrous  covering. 

When  this  core  is  submitted  to  a  steam  heat  of  240®  Fah.  to 
280°  Fah.  for  a  few  hours,  the  eflect  of  the  lower  heat  is  to  con- 
solidate the  several  coatings,  so  that  they  completely  unite  together, 
and  during  the  process,  as  the  heat  rises  above  240°  Fah.,  the  outer 
coating  becomes  vulcanised,  and  parts  at  the  same  time  with  a 
portion  of  its  sulphur,  which  permeates  the  inner  coatings  and 
effects  their  partial  vulcanisation. 

The  specific  gravity  of  this  core  is  about  1*17,  but  will  of  course 
vary  with  the  proportion  of  separator  or  vulcanising  compound. 
The  specific  gravity  of  these  compounds  is  about  i  '20. 

The  insulation  of  these  wires  varies  with  their  state  of  vul- 
canisation. The  action  of  the  sulphur  on  the  copper  conductor  is 
counteracted  by  a  coating  of  tin,  which  is  applied  by  drawing  the 
wire  through  it  whilst  in  a  molten  state. 

The  tinning  of  the  wire  was  found  by  Mr.  Warren  to  increase 
the  conductivity  of  the  same  nearly  2  per  cent.  This  was  after- 
wards verified  by  Sir  William  Thomson.     No  explanation  has 
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been  given  to  account  for  this  singular  result,  w^hich  certainly  is 
not  without  importance. 

According  to  Mr.  Latimer  Clark,  the  inductive  capacity  of  this 
core  is  2  or  3  per  cent,  less  than  that  of  Mr.  Willoughhy  Smith's 
improved  gutta-percha.  The  experience  gained  in  the  manufacture 
of  some  thousands  of  miles  of  this  core  shows  that,  when  properly 
manufactured  and  laii,  it  may  be  said  to  have  well  sustained  its 
character  as  a  &ir  and  successful  rival  to  gutta-percha  for  the 
purposes  of  submarine  telegraphy. 

It  is,  however,  much  to  be  regretted  that  a  source  of  serious 
prejudice  to  this  core  has  arisen  from  the  laying  of  some  recently 
made  cables,  which  had  been  designed  for  deep  water,  in  shallow 
water,  and  where,  from  strong  currents  and  the  nature  of  the 
bottom,  the  cable  has  been  completely  chafed  through. 

A  cable  containing  this  core,  laid  for  the  Ouba  Submaiine 
Company  during  the  summer  of  1874  between  Cienfuegos  and 
Santiago  de  Cuba,  rests  perhaps  on  a  deeper  bottom  than  any  cable 
yet  submerged.  Portions  of  a  cable  laid  between  Santa  Cruz  and 
Porto  Bico,  recovered  from  a  depth  of  1,400  fathoms,  were  elec- 
trically and  mechanically  as  pe^ect  as  when  first  laid.  So  that 
the  suitaHlity  of  this  core  for  deep-sea  telegraphy  is  amply  esta- 
Idished. 

The  mean  temperature  of  the  Cuba  cable,  as  determined  from 
its  copper  resistance  tests,  is  about  34°  Fah.  Its  insulation  re- 
sistance, after  one  minute's  contact  with  the  battery,  was  about 
5,000  megohms  per  nautical  mile,  which  rose  after  thirty  minutes' 
electrification  to  nearly  80,000  megohms  per  mile.  This  is  the 
highest  resistance  recorded  of  any  cable  yet  laid. 

No  cables  containing  this  core  have  been  abandoned,  and  por^ 
tions  of  cable  which  have  been  picked  up  in  the  tropics  and  in  the 
Persian  Gulf,  after  some  years'  submergence,  point  to  its  suitability 
for  warm  climates. 

4.  WarrefiCs  Core, — Another  form  of  insulated  wire  has 
been  lately  introduced  by  Mr.  Warren,  formerly  electrician  to 
Hooper's  Telegraph  Works,  which,  so  far  as  we  have  seen,  is 
likely  to  be  useful  in  many  cases.  It  stands  exposure  to  high 
temperatures  without  injury,  and  does  not  deteriorate  with  expo- 
sure to  air. 

The  india-rubber  is  applied  in  the  same  way  as  with  Hooper's 
wire,  and  when  consolidated  is  submitted  to  the  action  of  chlorine 
in  water,  which  gives  to  the  core  all  the  characteristics  of  vulcan- 
ised india-rubber,  and  over  which  it  possesses  many  advantages, 
the  most  important  being  its  non-liability  to  deterioration  from 
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exposure  to  air  and  water,  conditions  which  are  seriously  prejudi- 
cial to  all  forms  of  yulcanised  wire. 

The  consolidation  is  effected  by  dry  instead  of  steam  heating, 
in  a  closed  chamber  or  heater,  which  is  kept  at  a  temperature  ci 
220^  Fah.  to  240^  Fah.  for  two  hours.  YidcaQisation  in  this  case 
not  being  required,  the  heating  required  is  that  at  which  the  india- 
rubber  softens  and  conglomerates. 

The  inner  surface  of  the  rubber  is  prevented  from  decayii^ 
or  becoming  treacly  or  soft  by  a  mixture  or  compound  contiuimig 
a  small  proportion  of  iodine  or  bromine,  which  is  applied  over  the 
conductor. 

The  insulation  of  these  wires  is  about  1,000  megohms  per 
nautical  mile,  and  the  inductive  capacity  is  considerably  lower  than 
Hooper's  wires  or  Smith's  gutta-percha. 

The  specific  gravity  of  the  material  is  about  1*20.  A  length  of 
this  wire,  which  had  been  exposed  to  the  full  glare  of  the  sun 
during  the  summer  months,  was  found  to  have  its  electrical  quali- 
ties perfectly  unimpaired. 

The  jointing  of  this  insulator  is  so  readily  performed  that  a 
joint  perfectly  sound  and  durable  may  be  made  in  the  smaller  siaea 
in  about  five  minutes. 

Some  lengths  of  this  wire,  which  had  been  kept  alternately  wet 
and  dry  for  nearly  twelve  months  on  board  ship  in  the  tropics, 
were  found  on  their  being  tested  to  be  perfect  in  all  respects,  and, 
as  these  wires  had  been  made  for  four  years,  it  forms  an  important 
proof  of  their  durability. 

For  torpedo  work,  and  other  purposes  of  military  engineering, 
this  wire  is  eminently  adapted. 

5.  Wrays  Compound, — This  is  a  mixture  of  shell-lac,  india- 
rubber,  and  powdered  silica  and  alumina,  with  about  one-ninth 
of  gutta-percha.  From  its  admirable  insulating  properties,  its 
low  inductivity,  its  toughness,  strength,  and  elasticity,  and  its  not 
being  softened  by  any  climatic  temperature,  Mr.  Latimer  Clark 
placed  it  at  the  head  of  all  materials  known  for  the  insulation  of  long 
submarine  cables,  uor  has  any  drawback  to  its  use  as  yet  been  difr* 
covered.  For  the  insulation  of  cables,  a  combination  of  two  or  three 
materials  offers  advantages  which  no  one  material  can  ensure  alone. 
The  first  layer  next  the  copper  conductor  should  be  a  thin  strip  of 
pure  cut  para-rubber,  then  layers  of  masticated  rubber,  applied  hy 
Silver's  process,  then  a  covering  of  gutta-percha,  or,  perhaps  better, 
of  Wray's  compound  ;  or  the  first  layers  might  be  of  Wray's  com- 
pound, and  the  outer  coating  of  gutta-percha.  By  either  of  these 
plans,  the  benefits  are  obtained  of  the  high  insulating  properties 
and  low  specific  inductivity  of  caoutchouc  and  its  compounds;  and 
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from  the  perfection  of  the  insulatdoiiy  the  most  minute  defect  of 
manufacture  would  be  readily  detected. 

£ach  Buccessiye  layer  of  insulator  on  the  cable  has  less  influence 
than  the  preceding.  By  doubling  the  thickness  of  the  coating,  we 
do  not  doable  its  insulation,  or,  in  other  words,  halve  the  leskkage. 
No  thickness  will  altogether  prevent  conduction ;  and  whatever 
quantity  of  gutta-percha  may  be  put  on,  the  cable  can  never  be 
made  a  perfect  insulator. 

Let  S  be  the  exterior  surface  of  the  cable ;  s  the  area  of  the  interior 
surface  of  the  insulator  in  contact  with  the  conducting  wire ;  t  the  thickness 
of  the  coating ;  the  conduction  vrill  vary  as  the  mean  sectional  area  of  the 
outer  and  inner  surfaces  divided  by  the  thickness 

S  +  » 


(274)  Insulators  have  their  conductivity  increased  by  heat, 
.  whereas  metals  have  their  conductivity  impaired  by  heat ;  both 
properties  are  obviously  against  telegraphy  in  hot  climates.  In 
gutta-percha  the  increase  of  conductibility  and  consequent  leakage 
of  the  cable  is  seriously  great  in  tropical  climates ;  but  the  in- 
sulation is  greatly  increased,  that  is,  the  conductivity  is  greatly 
diminished,  by  pressure,  though  the  improvement  ceases  when  the 
pressure  is  removed.  The  conductivity  or  leakage  of  a  gutta^ 
percha  cable  is  dimivished  if  a  positive  current  be  applied  for 
some  time;  but  it  is  increased  by  the  continual  action  of  a 
negative  current.  To  this  fact  no  satisfactory  explanation  has  been 
given. 

All  the  submarine  cables  now  in  work  are  insulated  either  with 
gutta-percha  or  Hooper's  core. 

(275)  Tbe  Bztemal  Proteotlon. — The  insulated  core  is 
generally .  covered  with  strands  of  hemp  or  jute,  laid  or  spread 
round  it,  to  serve  as  a  pad  or  protection  against  pressure  from  the 
iron  wires  afterwards  applied.  This  covering  is  called  *  the  serving ' 
of  the  cable.  When  several  insulated  wires  to  transmit  distinct 
simultaneous  messages  are  included  in  one  cable,  they  are  laid  in 
a  long  strand  with  hemp  between  them  to  form  a  circular  core ; 
this  hemp  is  called  the  '  worming.'  The  hemp  is  usually  tanned 
to  preserve  it  from  decay ;  and  it  is  somtimes  laid  on  wet  to 
facilitate  the  detection  of  any  accidental  injury  to  the  gutta-percha. 
Unfortunately,  both  hemp  and  jute  decay  rapidly  in  water,  and 
when  exposed  are  apt  to  be  eaten  away  by  marine  animals,  some 
kinds  of  which  have  been  found  in  the  Mediterranean  in  depths  of 
1,200  to  1,600  fathoms. 


»■ 
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The  wrved  core  is  coiiimoiil]^  protected  by  iran  wum,  laid  mai 

■nd  round  in  long  helices,  and  abutting  arm  agaiiut  another,  m  u 

to  present  the  sppeBMUce  at  an  iron-wire  rope.    In  tha  wrtj 

cAlJes  the  iron  wire  wm  genenkUj  galTanised,  and  its  dmUli^ 

was  thershy  increased  to  a  moderate  ^tent ;  bat  iron  is  bj  do 

means  a  durable   material,  even  when  galTaniaed,  and  when  th» 

cable  liw  upon  rocks  exposed  to  the  constant  flow  of  water,  ra 

where  the  mud  or  sand  eontaioB  peculiar  eonatitueuta  dsetructiTe 

to  iron,  a  few  montha  of  aabmateion  hava  been  known  to  deelioj 

p,  the  metal  completely.    Toavoidthii 

corroaion,  t^  iron  ia  usually  coated 

with  hemp,  and  this  again  covered 

/  ,  \  with  tar  or  some   other  protecting 

/         '     '      y   ".         '^,^       material.    The  silieated  bitumiooni 

I  '      "■•'"',       \      compound  patented  by  Hr.  T  jtimw 

j         ,.    ,''  0    \  ■■  ^  ■  Olsj-k,  applied  OTBT  the  wires,  affoidi 

I  ^  ^  ^     )  the   beat   protection    known.      Thi 

\.  y  '-f    ''  I       Peraian  Gulf  cable  ia  coated  with  it 

\  :.  ,,'■  /        from  end  to  end,  as  ie  likewisetha 

Isle  of  Man  cable  (Ilg.  419),  which 

is  composed  of  a  single  coudoctiif 

wire.    To  enaure  permanency,  cablM 

IQ  shallow  seaa  are  now  Ijiid  weighing  as  much  aa  1 5  tons  per  aula, 

with  shore  ends  wedghing  otst  20  tona,  to  resist  anchors.    It  hM 

been  proposed  by  Siemens  to  apply  a  coyering  of  hemp  outnde  tha 

iron  wire,  and  to  wrap  this  round  again  with  zinc  armour. 

To  avoid  the  occurrence  of  a  permanent  twist  in  uncoiling! 
cable,  it  should  be  taken  out  of  the  tank  or  off  the  drum  in  the 
same  manner  as  it  is  put  in  or  on  ;  the  opposite  course  will  alna^) 
put  a  prmanent  twift  into  a  cable,  and  this  twist  concentrated  ^ 
one  point  producea  a  lank,  or  tight-drawn  loop. 

A  cable  covered  with  good  iron  should  hear  a  strain  equal  to  i 
tons  per  pound  of  iron  wire  per  fathom.  Thus  a  cable  with  3,750 
lbs,  of  iron  per  knot,  or  375  lbs.  per  fathom,  in  the  sheathing,  should 
bear  7^  tons, 

(376)  Tjrpea  of  Submarine  Catilea. — The  vaiiationB  in  the 
type  of  submarine  cablea  differ  but  little  from  those  just  described. 
In  shallow  walera  the  usual  form  is  a  cable  with  stout  galTanised 
iron  wires  covered  with  hemp  and  asphalted  compound,  the  ends 
near  the  shore  being  armoured  with  heavier  wire.  In  deep  walets 
the  cable  varies  according  to  the  depths  to  be  crossed.  A  deep- 
sea  cable  would  coosist  of  shore  end,  two  intermediate  forms  m 
the  water  deepened,  then  the  dwp-eeo.  This  form  varies  from  a 
covering  of  a  number  of  small  homogeneoua  iron  wirea  galvanised,  • 
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to  the  compound  hemp  and  steel  pattern  of  the  1865  Atlantic. 
This  form  has  had  added  to  it  a  light  *  whipping '  of  yarn  in  the  op- 
poaite  direction,  which  prevents  any  broken  wire  springing  up.  The 
two  later  cables  across  the  Atlantic  have  been  niade  on  this  plan. 
A  further  alteration  has  been  made  by  using  a  covering  consisting 
of  strands  of  hemp,  alternating  with  strands  of  hemp  and  steel. 
In  all  these  forms  the  cable  is  protected  by  being  passed  through  a 
bath  of  hot  compound.  In  Ihe  heavy  cable  between  Holyhead 
and  Dublin  a  slight  variation  was  made  in  protecting  the  iron 
'wires.  Each  iron  wire  was  passed  through  a  bath  of  compound  and 
then  served  with  a  strip  of  canvas  or  tape  soaked  in  a  preservative 
mixture,  the  object  being  to  give  extra  protection  to  the  iron 
sheathing. 

(277)  Snbm«rslon  of  Snbmarlne  Cables. — For  many  years 
it  was  not  deemed  advisable  to  keep  the  cable  covered  with  water, 
bat  after  the  numerous  faults  found  in  the  Atlantic  cable  of  1857, 
and  the  peculiar  heating  of  the  Malta- Alexandria  cable,  it  was 
considered  absolutely  necessary  that  from  the  moment  of  manu- 
&cture  the  cable  should  be  kept  continuously  immei-sed  in  water, 
not  only  on  shore  but  on  board  ship.  All  vessels  now  engaged  in 
submerging  cables  are  fitted  with  strongly-built  tanks  of  a  circular 
form,  into  which  the  cable  is  coiled  and  water  admitted  as  required : 
in  paying  out  the  cable  the  water  has  to  be  pumped  out.  Formerly, 
when  the  speed  of  paying  out  was  slight,  the  cable  used  to  pass 
through  the  hands  of  the  men  from  the  coil  to  the  guiding  arrange- 
ment on  deck,  thence  to  the  paying-out  machine,  which  consisted 
of  a  large  drum,  round  which  the  cable  was  coiled.  Xhe  drum 
had  around  it  a  circular  break-strap  to  check  the  speed  of  revolu- 
tion and  prevent  the  cable  issuing  too  fast.  As  the  depth  of 
water  encountered  increased,  and  the  speed  of  paying  out  also, 
new  and  improved  arrangements  were  adopted.  Amongst  these 
none  have  contributed  so  much  to  the  success  of  submarine  tele- 
graphy as  the  adoption  of  the  '  cone  and  rings,'  the  invention  of 
Mr.  R.  S.  Newall. 

Fig.  420  gives  a  general  view  of  the  paying-out  arrangement. 
In  the  centre  of  the  tank  is  a  cone,  round  which  is  coiled  the  cable 
layer  upon  layer ;  above  are  fixed  a  series  of  rings  of  decreasing 
diameter.  These  rings  are  gradually  lowered  as  the  cable  is  paid 
out ;  they  guide  the  cable  and  prevent  it  flying  out  by  centrifugal 
force  and  going  into  kinks.  As  the  cable  rushes  out  it  passes 
through  the  rings  and  continually  rubs  against  the  cone ;  it  then 
passes  over  the  v-wheel  dy  placed  immediately  over  the  cone  and 
sufficientiy  high  from  it  to  allow  the  '  turn '  or  '  twist '  to  come 
out  of  the  cable  which  had  been  put  in  in  coiling.    It  then  passes 
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ov«  MTeial  jockej-wheela  (not  iliowii,  but  like  tlut  in  Iig.  421) 
Id  the  fnude-wheel «,  pwaefl  oeveml  timea  lonnd  the  dram/,  o^ta  ths 
T-wheel  ff,  under  the  jockej  A  of  •  djnunometer,  uid  finaUj  ora 
the  iteiu-iheave  ■' into  the  sm.   Ontlie  dnim^^is  placed  iniii^cttai 


to  show  the  namberofterolatiotMuidtlia  mileage  of  e&Ue  paid  onL 
The  jockej-pulley  is  used  not  only  to  keep  the  cable  tight  in  frcot 


of  the  drum,  hut  alM  to  put 
Fig.  421  girea  a  repiesentatioD  of 


tiietaUa 
fi»m  of  jockey-polley.    >  i> 


a  deeply  indented  T-sheaTe,  in  the  groove  of  which  the  cable 
passes ;  the  jockej-pulle?  a,  centred  at  d,  resta  upon  the  csUe  snd 
presses  it  deeper  into  the  gTOOve.  The  w^ht  of  the  puUej  can 
be  increased  bj  lengthening  the  arm  and  placing  a  weight  at  iu 
end.  The  pulley  B  has  usually  a  bieak-wheel  strap  attached  to  it, 
so  that  it  can  be  reduced  to  a  speed  less  than  that  of  tbe  outgoing 
cable. 

(278)  TeatlllK  •vbmarlne  aabloa  dniliiK  Saltiiaersliin. — 
Id  inyiog  out  the  early  cables  the'  testing  airangementd  were  of 


TESTING   CABLES.  $11 

he  simplest  character ;  a  staff  of  operators  and  electricians  was 
tmployed  on  board  the  ship,  and  a  staff  of  operators  on  shore.   Ar- 
■angements  were  made  for  speaking  and  for  testing ;  the  latter  of 
i^hich  was  usually  carried  out  on  board  the  ship  alone,  and  consisted 
y(  the  operator  on  shore  insulating  the  cable,  patting  it  to  earth,  and 
sending  currents  at  certain  stated  intervals.    In  order  to  avoid  the 
constant  attendance  of  a  clerk  during  the  frequent  repairs  of  the 
Hague  cables,  a  clock  was  arranged  to  perform  these  offices  mecha- 
nically, and  it  was  with  the  utmost  regularity  that  the  cable  was  in- 
sulated and  put  to  earth,  and  a  current  sent  at  the  required  intervals. 
A  very  much  improved  form  of  dock  was  used  with  grea,t  success 
in  paying  out  the  last  Persian  Gulf  cable  (1869).    As  the  manu- 
•ftcture  of  gutta-percha  improved,  and  its  insulation  became  gra- 
f  dually  higher  and  higher,  more  elaborate  and  perfect  systems  were 
.tequired  for  testing  during  manufacture  and  during  submersion, 
■and  tiie  high  state  of  insulation  of  all  our  cables  now  is  due  to  the 
.rigid  nature  of  the  tests,  a  result  greatly  attributable  to  the  use  of 
the  Thomson  reflecting  galvanometer  (145)  and  of  the  marine 
gpalvanometer  (146).    The  greatest  improvement  in  testing  during 
submersion  is  due  to  Mr.  Willoughby  Smith,  whose  plan  has 
now  been  used  for  some  years  in  paying  out  the  long  submarine 
cables.    In  this  plan  no  alteration  is  made  in  the  connections ; 
the  cable  end  at  the  testing  house  at  the  landing  end  is  perma- 
nently connected  to  an  electrical  table  of  instruments  (used  for 
various  purposes)  and  through  a  very  high  resistance  to  earth, 
80  that  if  a  permanent  current  be  kept  on  a  slight  and  constant 
deflection  is  observed  on  the  galvanometers  on  board  ship  and  on 
shore  during  the  whole  process  of  paying  out.    Signals  can  be 
transmitted  by  slightly  increasing  or  decreasing  the  deflection, 
which  is  done  by  altering  the  potential  of  the  battery.    The  usual 
tests  for  insulation  and  for  conductivity  are  carried  out  with  ease 
and  with  regularity,  the  use  of  sliding  resistances  facilitating  the 
operations  greatly,  as  results  can  be  read  off  at  once. 

(279)  Aootdents  to  Snbmarine  Cables. — The  most  frequent 
source  of  accident  to  a  submarine  cable  is  that  of  '  anchors ; '  so 
many  of  our  cables  cross  anchorage  grounds,  and  vessels  may  be 
found  anchoring  almost  anywhere.  It  is  for  this  special  reason  that 
the  cables  near  the  shore,  and  where  vessels  may  be  expected  to 
anchor,  are  made  of  the  strongest  type,  but  even  then  they  are  liable 
to  accident  from  the  same  cause.  Kocky  bottoms  are,  again,  another 
cause,  and  it  is  merely  a  question  of  time  when  the  cable  resting 
on  a  rock  will  be  chafed  through,  the  constant  action  of  the  tide 
producing  the  necessary  motion  to  cause  friction  against  the  rock. 
A  mass  of  sesrweed  has  been  ^o^n  to  carry  a  cable  away,  and 
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i.-r»At  daauire  hu  been  done  wbere  cables  have  crossed  nnnenl 
)-h1«.  Bit.  in  Addition  to  these,  there  are  yarions  causes  of  damige 
T  >  a  ?a}'\r  which  are  of  a  wiious  nature. 

Tb*  fret  appearance  of  any  damage  done  by  aoimsltifetoi 
f  i^x&nnr  cable  appeared  in  the  Levant  cable,  laid  by  Mr.  NewiD, 
w':.o  «pe«ks  of  the  destmction  of  the  hemp  by  a  species  of  *  teredo.' 
Mr.  Siemens  speaks  to  the  same  efi'ect,  and  says, '  This  cable,  wUek 
M-A£  laid  in  1S3S.  and  taken  up  again  last  summer  (1859)1  ^'*' 
f<>und  to  be  htrset  by  another  enemy  in  the  shape  of  millions  of  smill 
i> hell-fish  or  snails,  accompanied  by  small  worms,  which  had  eon- 
pletely  destn^yed  the  unsheathed  hemp,  and  eaten  some  oreohr 
h-  ile^  in  the  gutta-percha.'  Professor  Huxley  wrote  as  the  result  of 
hi!»  examination  of  these  shells, '  The  specimens  you  have  sent  ne 
remiive  all  doubt  as  to  the  nature  of  the  mischief-maker  in  the 
cable.    It  U  a  bivalve  sheU-fish,  the  xylopbaga,  closely  allied  to 
the  i&hip-wonn  (teredo^  but  distinguished  from  it,  among  oths 
pnculiarities.  by  not  lining  its  burrow  with  shelly  matter.    Tks 
xylophaga  turns  beautifully  cylindrical  burrows,  always  againrt 
the  grain,  in  wood :  and  I  have  no  doubt  it  perforated  the  hempen 
coating  of  the  cable  in  the  same  way.    On  meeting  the  gntti- 
|)»?rcha  it  seemed  not  to  have  liked  it,  and  to  have  turned  sode, 
thiid  giving  rise  to  the  elongated  grooves  which  we  see.    Nothing 
i?)  known,  so  far  as  I  am  aware,  of  the  range  in  depth  of  xylophaga, 
£-0  that  I  cannot  answer  your  enquiry  as  to  whether  it  is  prohalk 
that  cables  immersed  in  600  to  2,000  fathoms  of  water  would  V 
lit  tacked  or  not.' 

In  1 860  s«»veral  portions  of  cable  covered  with  hemp  and  steel 
wire  were  picked  up  in  the  Mediterranean,  off  Minorca,  which 
were  found  in  places,  and  up  to  deep  water,  very  much  attacked 
liy  xyloplia^ra,  the  hemp  between  the  steel  wires  being  eaten  away 
into  holes  with  the  rejrularity  and  spacing  of  those  in  a  cribbage- 
board.  As  in  previous  cases,  the  gutta-percha  was  penetrated  to 
various  depths,  but  not  more  than  the  size  of  the  sheU-fish.  It 
was  generally  considered  that  the  xylophaga  did  not  penetrate, 
oNvinir  to  its  dislike  to,  gutta-percha;  but  some  persons,  at  the 
time,  thou^'ht  there  was  a  great  deal  of  doubt  about  the  point,  for 
there  was  no  sign  amongst  the  great  length  of  cable  so  damaged 
of  any  dislike,  the  main  sign  being  that  there  had  been  no  time  for 
further  penetration. 

That  the  xylophaga  does  penetrate  gutta-percha  to  an  in- 
jurious extent  was  found  to  be  the  case  with  some  experimental 
wire  laid  in  Kurrachee  harbour ;  this  core  was  subsequently  found 
to  be  pierced  in  numerous  places,  to  such  an  extent  as  to  destroy 
tlic  insulation.     Xo  such  severe  cffee  has  elsewhere  been  met  with, 
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tlihoiigh  zylopha^  are  now  found  in  almost  every  sea  where  cables 
have  been  laid. 

It  may  be  generally  assmned  that  a  core  with  a  solid  sheathing 
of  iron  wire,  so  long  as  that  sheathing  remains,  is  safe  against  the 
attacks  of  these  destroyers,  but  that  a  core  cannot  be  considered 
safe  80  soon  as  an  opening  presents  itself,  for,  up  to  the  present 
time,  it  is  impossible  to  say  where  they  do  not  exist.  In  the 
operations  connected  with  the  attempt  to  repair  the  1865  Atlantic 
cable,  a  portion  of  the  1858,  or  original  cable,  was  brought  to 
the  sur&ce.  Where  the  wire  sheathing  had  disappeared  it  was 
foand  that  the  gutta-percha  had  been  attacked ;  '  for  where  the 
ecne  has  been  bared  tiiere  are  distinct  marks  of  worms,  such  as 
one  sees  in  very  old  hard  timber,  or  in  the  rich  calf  binding  of  old 
folios  in  a  library.' 

Seyeral  cases  have  occurred  at  different  times  of  cables  being 
damaged  by  the  attack  of  inhabitants  of  the  sea.  The  Ouba  and 
Fbrida  cable  was  once  damaged  by  the  bite  of  some  large  fush, 
and  a  similar  accident  happened  to  the  Ohina  cable.  In  the 
MaltarAlexandria  cable  a  piece  of  core,  from  which  the  sheathing 
bad  been  worn,  was  found  to  be  penetrated  by  being  bitten  by  a 
shark,  pieces  of  the  teeth  being  left  in  the  gutta-percha,  indicating 
imquestionably  the  cause. 

Some  details  of  a  fault  which  happened  some  time  since  to  the 
Singapore  cable  are  interesting.  This  cable  was  laid  in  December 
1870,  and  the  first  stoppa^  occurred  in  the  following  March,  and 
was  found  to  be  200  miles  from  Singapore.  The  cable  was  pierced, 
and  pieces  *of  bone  were  found  crushed  in  the  middle  of  the  hole. 
This  specimen  was  examined  for  a  long  time  by  Mr.  Frank  Buck- 
land,  and  it  was  remarked  that  the  damaged  place  was  caused  by 
piercing,  and  not  by  being  bitten  by  the  force  of  a  jaw.  He 
accidentally  found  in  his  collection  a  saw-fish,  from  which  he 
detached  the  saw,  and  found  that  he  could  make  in  the  cable  an 
incision  similar  to  that  which  already  existed.  Mr.  Bucldand 
stated  that  the  saw-fish  have  the  habit  of  penetrating  the  bottom 
of  the  sea  in  search  of  food,  and  giving  a  backward  and  forward 
motion  to  the  species  of  lance  with  which  they  are  armed.  The 
extremity  of  the  saw  of  one  of  these  fishes  would  become  entangled 
in  the  exterior  wires  of  the  cable ;  a  further  brisk  movement  of 
the  fish  would  make  it  penetrate ;  and,  finally,  violent  struggles 
would  break  the  saw,  after  having  pierced  the  cable  through  and 
through,  as  seen  in  the  damaged  piece. 

A  curious  &ult  occurred  in  the  Persian  Gulf  cable. 

*  The  soundings  at  the  fault  were  very  irregular,  with  overfalls 
from  30  to  70  &thoms.    On  winding  in  the  cable  unusual  resist* 

LL 
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anoe  was  ezpenenoed,  as  if  it  were  foul  of  rocks,  Inty  after  pevse^ 
Taring  for  some  time,  the  body  of  an  immense  wbale,  entangled  in 
the  cable,  was  brought  to  the  sorfaoe,  where  it  was  fbmid  to  be 
firmly  seemed  by  two  and  a  half  turns  of  the  cable  immediately 
above  the  taiL  Sharks  and  other  fish  had  partially  eatetn  the 
body,  which  was  rapdly  decomposing,  the  jaws  fidling  away  on 
reaching  the  surface.  The  tail,  which  measmred  fidly  12  feet 
across,  was  perfect,  and  covered  with  barnacles  at  the  extremities^ 
'Apparently  the  whale  was,  at  the  time  of  entanglement, 
using  the  cable  to  firee  itself  from  parasites,  such  as  barnacles, 
which  annoy  them  very  much,  and  the  cable  hanging  in  a  deep 
loop  oyer  a  submarine  precipice,  he  probably,  with  a  fillip  of  his 
tail,  twisted  it  round  him,  ai^  then  came  to  an  untimely  end.' 

This  is,  without  exception,  the  most  extraordinary  accident 
that  has  happened  to  any  submarine  cable  that  has  come  within 
our  knowledge,  although  many  strange  accidents  haye  euisen.  In 
one  case  the  cable  across  the  river  Yar,  in  the  Isle  of  Wight,  waa 
broken  by  a  bullock,  which,  falling  overboard^  got  entangled  in 
the  cable,  finally  breaking  it. 

The  causes  of  interruption  we  have  alluded  to  are  impossible 
to  provide  against,  with  the  exception  of  the  attacks  from  xylo- 
pbaga,  and  it  is  to  be  trusted  that  they  will  always  continue  to 
be  of  very  rare  occurrence.  The  use  of  sUica  in  the  compound 
now  generally  applied  outside  all  cables  is  hoped  to  be  a  preven- 
tive against  the  insidious  attacks  of  the  persevering  shell-fish. 
The  following  observations  were  made  in  the  Persian  Gulf  at 
Kurrachee,  where  some  experimental  cables  were  deposited  in 
water  known  to  be  inhabited  by  '  borers.'  The  specimens  were 
lengths  of  about  200  yards  of  gntta-percha  and  india-rubber  cables 
and  plain  core  : — '  On  recovery,  after  a  submersion  of  nearly  ten 
months,  the  only  piece  which  tested  good  was  the  length  of  india- 
rubber  cable ;  the  remainder  were  injured  by  "  borers  "  and  by 
barnacles.  Bare  india-rubber  core  is  more  susceptible  of  injury 
from  barnacles  than  bare  gutta-percha.  As  the  barnacle  grows, 
the  base  of  the  shell  cuts  into  the  yielding  rubber ;  a  second  shell 
attaches  itself  to  the  side  of  the  first ;  the  growth  of  the  ciroum- 
ference  proceeds  towards  the  conductor,  and  eventually  the  sharp 
edge  of  one  of  the  cluster  reaches  the  copper  wire.*  The  experience 
seemed  to  show  that  although  the  '  borer '  did  attack  the  india- 
rubber,  it  was  in  a  much  less  degree  than  when  it  attacked  gutta- 
percha. 

Another  species  of  '  borer '  seems  to  exist  very  largely,  and  is 
to  be  met  with  about  the  English,  French,  and  Norwegian  coasts 
as  well  as  in  the  Atlaixlie.    'Dxmn^  ^q!1£l<&  \^^«5s&  \/^  -<k<^  Dublin- 
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Lolyhead  cable  it  was  noticed  that  at  about  six  miles  from  Port 
imgmor  (the  landiDg>-place)  at  every  broken  wire  and  open  place 
a  the  sheath  all  the  inner  hemp  serving  was  completely  eaten  away 
rj  -worms,  leaving  the  percha  core  exposed,  which  in  one  or  two 
lUcee  was  scored  from  the  same  cause.  At  other  points  the  gutta- 
^axcha  was  found  pierced  directly  inwards,  and  a  small  worm  found 
in  each  hole.  At  the  same  spot  the  hemp  was  eaten  away,  and 
kwo  or  three  different  varieties  of  worms  were  noticed.  These 
varieties  were  recognised  by  Dr.  Garpenter,  F.R.S.,  as  LepidonotuB 
0pumustu8f  Evame  imfar,  and  Nereis  pdagica,  all  well-known 
1&ig1i«h  forms.  The  small  worm  which  attacked  the  gutta-percha 
was  recognised  as  a  small  crustacean,  the  lAmnoria  lignorum  of 
Baihk^,  known  to  British  naturalists  as  the  Limnoria  terebrans, 
Xhe  limnoria  is  about  one-sixth  of  an  inch  long ;  the  head  is  fur- 
idslked  with  at  least  five  pairs  of  claws  and  other  appendages,  and 
legs  resembling  those  of  the  lobster  are  attached  to  the  six  first 
rings  and  the  last  ring  of  the  body.^ 

Numerous  fiiults  were  found  on  the  Brazilian  coast,  caused  by 
tihe  saw-fish.  In  a  length  of  thirty  miles  no  less  than  six  faults 
were  discovered  of  this  nature ;  in  each  case  fragments  of  a  bony 
nature  (portions  of  the  saw)  were  found  in  the  faults. 

(280)  Tlie  Bleetrteal  Properties  of  tbe  Submarine  Cable. 
■-—It  has  been  shown  in  a  previous  chapter  (chap.  xv.  §  171)  that 
when  an  insulated  conductor  is  brought  into  the  neighbourhood 
of  a  conductor  that  is  insulated  the  latter  acquires  an  increased 
electrical  capacity,  in  consequence  of  the  reciprocal  inductive  actions 
of  the  two  conductors ;  that  the  nearer  the  two  conductors  are 
brought  towards  each  other,  the  greater  will  be  the  amount  of 
that  inductive  influence,  and  that  different  non-conducting  bodies 
or  dielectrics  have  each  a  natural  power  belonging  to  itse^  which 
is  called  its  '  specific  inductive  capacity '  (10).  As  induction  di- 
minishes rapidly  as  the  distance  increases,  its  operation  in  the  case 
of  a  telegraph  wire  suspended  and  insulated  on  poles  is  small, 
bat  that  even  here  an  influence  is  exerted  on  the  neighbouring 
wire  and  the  earth,  is  proved  by  the  sensible  time  that  is  required 
to  transmit  signals  through  very  long  wires.  On  half  a  mile  of 
suspended  wire,  for  example,  500  or  600  signals  may  be  readily 
sent  per  minute,  but  at  a  distance  of  500  miles  the  current  would 
appear  continuous. 

When  one  pole  of  a  battery  is  connected  with  one  end  of  an 
insulated  telegraph  wire,  and  the  other  pole  with  the  earth,  a 
current  flows  into  the  wire  until  it  has  attained  the  same  poten- 
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tial  as  the  bfttterr.  If  die  wire  be  short,  the  small  static  charge 
which  it  has  aoqidred  is  immediately  lost  by  dissipation  on  breaking 
contact  with  the  battery ;  bat  if  it  be  long,  the  charge  lingers  in 
the  wire,  and  thus  causes  the  signals  to  run  together,  so  that  it 
becomes  neoeasaiy  to  dear  the  wire  by  sending  a  reverse  cnrrent 
into  it*  The  nearer  the  wive  is  to  the  ground,  the  greater  of  course 
is  the  amount  of  indnctiye  action  set  up  between  the  wire  and  the 
earth,  and  the  greater  therefore  the  electrical  dogging  of  the  wire ; 
and  when  the  wire  is  covered  with  an  insulating  material,  and 
buried,  it  becomes  an  enormous  Leyden  jar,  having  for  its  inner 
ooating  the  wire,  and  for  its  outer  coating  ^e  earth.  Every  mile 
of  such  wire  (Xo.  i6)  presents  a  surface  of  85*95  sqiiare  feet,  and 
the  inductive  circumstances  bdng  assumed  to  be  the  same,  receives 
the  same  chaige  £nom  a  source  of  the  same  tension  as  a  Leyden  jar 
having  an  equal  number  of  square  feet  of  tinfoil  coating.  There  is, 
however,  tlus  material  difference  between  the  two  cases :  though 
b^th  are  discharged  in  a  time  inappreciably  minute  to  the  senses, 
the  discharge  from  the  wire  occupies  a  comparatively  much  longer 
inteiral  than  that  from  the  coatings  of  the  jar.  This  discharge 
current  affects  in  a  very  serious  manner  the  speed  with  which  og- 
nals  can  be  transmitted  through  the  wire. 

This  peculiar  character  of  insulated  and  buried  or  submerged 
wires  was  not  suspected  when  underground  telegraph  wires  were 
lirst  employed,  for  in  the  usual  practice  a  voltaic  current  does  not 
communicate  a  statically  intense  charge  of  electricity  to  a  Leyden 
jar.  It  was  first  made  evident  by  the  extraordinary  retardation 
which  the  electrical  current  experienced  when  it  had  to  pass 
through  subterranean  or  submarine  channels  in  the  course  of  its 
journey.  In  the  early  experiments  made  to  determine  the  velocity 
of  electricitv  throusrh  metallic  wires  himdreds  of  thousands  of 
miles  appeared  to  be  traversed  in  a  second,  whereas  in  similar 
experiments  made  on  the  underground  lines  formerly  running  be- 
tween London,  Manchester,  and  Liverpool,  it  seemed  that  scarcely 
thousands  of  miles  were  passed  in  the  same  period.  Indeed,  ac- 
cording to  Edward  Bright  (British  Association  Report,  1854),  the 
velocity  of  currents  in  ordinary  use  for  telegraphic  purposes  in 
submarine  conductors  does  not  exceed  i,ocx)  miles  per  second. 

(281)  Tlie  Retardation  of  Signals. — These  effects  of  induc- 
tion, as  they  had  been  observed  by  him  in  the  subterranean  lines  of 
Prussia,  were  first  described  by  M.  Werner  Siemens  in  1850.  These 
effects  were  the  reception  of  charge  and  its  retention  after  the  ces- 
sation of  contact  witii  the  battery.  The  retardation  of  the  current 
was  first  witnessed  by  Latimer  Olark  on  March  20,  1 852.  It  is  this 
retardation  which  ioTma  t\ift  ^^«\.  ^^oait^  Ya.iEL!adem  telegraphy. 
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•  'There  is  no  phenomenon  in  electricity,'  observes  Clark  (^Report  of  Sulh- 
marine  Telegraph  Committee)^  *  that  has  a  more  important  bearing  on  the 
electric  telegraph  than  that  of  induction,  and  none  which  interferes  mere 
with  the  commercial  success  of  telegraphic  enterprise.  If  it  were  not  for 
this  evil  presenting  itself  in  the  form  known  as  retardation  of  the  current, 
any  telegraph  cable,  however  long,  could  be  worked  at  almost  any  speedy 
and  although  much  may  be  done  to  reduce  its  effects,  there  is  at  present  no 
known  method  of  avoiding  them  altogether.' 

On  the  occasion  on  which  the  phenomenon  of  retardation  was 
first  observed,  an  attempt  was  made  to  work  an  electro-magnet 
and  a  Bain's  printing  apparatus  through  loo  miles  of  wire  im- 
mersed in  a  canal,  and  175  miles  of  wire  stored  up  dry  in  a  manu- 
fiictory.  In  so  doing  it  was  found  that  there  was  no  difficulty  in 
working  even  with  very  small  battery  power  through  the  whole 
length ;  but  it  was  instantly  noticed  that  the  current  took  a  very 
perceptible  time  in  travelling  the  100  miles.  The  experiment  was 
yaried  in  several  ways,  both  with  the  electro-maguet  and  with  the 
printing  apparatus,  but  the  result  was  uniform,  that  even  when  the 
current  had  to  travel  through  the  whole  length  of  the  wire  before 
acting  on  the  magnet  retardation  was  perceived.  In  one  experiment 
the  battery  and  the  electro-magnet  were  placed  at  one  end  of  the 
wire,  and  the  contacts  were  made  and  broken  at  the  other ;  but 
although  the  battery  and  the  magnet  were  close  together,  the  same 
retardation  was  perceived.  It  was  noticed  also  that  the  marks 
made  on  the  printing  paper  by  the  current  were  not  only  slow 
in  appearing,  but  often  on  their  appearance,  instead  of  ending 
abruptly  and  instantaneously,  as  they  do  in  overground  lines,  the 
mark  tailed  off  gradually  to  a  point.  The  cause  of  the  phenomenon 
was  at  once  perceived  to  be  induction  ;  and  to  verify  it,  the  100 
miles  in  water  were  detached,  and  the  175  miles  on  dry  land  used 
alone,  and,  as  was  to  be  expected,  no  retardation  whatever  was 
perceptible. 

The  retention  of  charge  by  subterranean  or  submarine  cables 
is  also  well  shown  by  the  following  experiment  described  by  Mr. 
Whitehouse  (Atlantic  Telegraph,  p.  10) : — 

Fifteen  miles  of  insulated  wire,  with  a  conducting  layer  external  to  its 
|Tnq|Uting  investment,  were  arranged  with  one  end  turned  up  into  the  air ; 
the  same  was  done  with  200  miles  of  the  same  wire.  To  both  of  these  lengths 
was  communicated  as  full  a  charge  as  it  had  the  capacity  to  retain.  Each 
wire  was  then  discharged  through  a  fine  wire  coiled  round  a  bar  of  soft  iron, 
80  that  the  bar  was  rendered  a  magnet  pro  tempore^  i.e.  during  the  actual 
current  of  electricity.  Upon  measuring  the  force  of  each  discbarge  current, 
estimating  it  by  the  number  of  grains  the  temporary  magnet  was  capable  of 
lifting,  it  was  found  that  in  the  case  of  the  15-mile  length  the  weight  lifted 
amounted  to  1,075  frrains,  and  in  that  of  the  aoo-mile  length  to  2,300  grains. 
A  current  which  lifted  18,000  grains  by  simply  running  through  the  appa- 
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!«:» i>tw  MTKUvd.  «|tflB  being  sent  into  a  eosted  insulated  wire  498  miks 
4.iiiUL,  iiAvic  ccwxo  pwM  when  allowed  to  flow  Itaek  as  discharge,  and  eren 
9CVXO  jtwik  ii  xltr  diMilax|^^  panwd  fhim  both  ends  at  the  wire  at  ooce^and 


S^^hmarizie  aad  fooilAieRmiieaii  insulated  wires  do  not,  therefore, 
ac:  jdni^C-T  a»  <v\i>ducTon,  or  as  mere  channels  through  which  the 
fl^*u^v*:al  i^urr^r.;  5owss  Vut  as  rwwrrot'rg  storing  up  electridly  in 


^uar;:;W  yj«.^;v\rD.vMl  to  tbe  length  of  the  wires.  A  sendtiye 
u^a^riM-iic  :kvdle  }^U^vd  bv  tlie  ade  of  a  long  and  completely  in- 
$ula:<si  wirt^  wbei:  ii  i$  cliaif^  giTOS  dear  indications  of  the 
iis:  •"«»  .>:■  el^-irioiTT  icw  the  wire,  of  the  retention  of  the  chaige 
i.r  jew»J  ud::u^r:ji  aft«T  th^  chaiging  contact  has  been  broken, 
aud  I.V  :he  liiial  rMM  ^^ji  or  diddiai^  of  the  electricity  in  the  oppo- 
»i;e>  di7t\'u^>i:  wbeii  Tb<e  wire  is  connected  with  the  earth  by  its 
XMiarer  erii.  Tht^ft>  phenomena  were  assigned  to  their  true  cause 
by  Fa»^di>'  ^>i»  Ex,  ic^  p.  55V 

IK  ruearis  v>x'  the  anan^ffaient  shown  in  Fig.  422,  the  discharge 

frvni  a  v;3cu  ^>t  iusulaTed  cable  may  be  made  eyident  on  a  sensitive 
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galvanometer  if  charged  by 
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a  laige  voltaic  battery — 
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say,    100     Daniell     cells 
{Fteeming  Jenkin),      K  is 

a  common  Morse  key  by 
which  the  conductor  of 
the  cable,  a  b,  can  be 
placed  in  connection  with 
the  battery  z  c,  bv  a  con- 
tact  at  p,  and  then  re- 
moved firom  the  battery 
and  immediately  connected 
at  t' with  one  terminal  of  the 
^y^  galvanometer  G,  the  other 
terminal  of  which  is  in  con- 
nection with  the  earth  at  E.  The  contact  at  p  charges  the  cable, 
and  that  at  c  dischargiv*  it  through  the  galvanometer.  As  the 
quantity  of  electricity  which  goes  into  the  cable  must  be  equal  to 
that  which  leaves  it,  if  the  gali-anometer  g  were  placed  between  z 
and  p,  it  would  be  aifected  to  the  same  extent  by  the  entrance  of 
the  charge  as  by  its  exit  at  c,  but  in  the  reverse  direction. 

The  following  experiments  were  made  in  October  1853,  by 
Mr.  I^atimer  Clark,  in  the  presence  of  Professors  Faraday  and 
Airy  : — 

I.  One  hundred  miles  of  gatta-percha  wire  were  immersed  in  a  canal» 
the  distant  end  of  the  wueV^cuig  -^xmaxL^siW:^  ^jkaiR52niu%&\iis^Vv>^\}QftkVMt^« 
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•The  near  end  was  also  disconnected,  but  had  a  galvanometer  attached,  which 
Indicated  any  current  which  passed  into  or  out  of  the  wire.    The  battery 
"was  arranged  with  one  pole  permanently  connected  with  the  earth.    The 
'other  pole  of  the  battery  was  now  brought  into  contact  with  the  line  wire. 
The  galvanometer  was  immediately  and  very  violently  deflected  to  the  right 
by  a  current  passing  into  the  wire,  but  this  current  ceased  almost  immedi- 
ately, the  needle  resumed  its  nearly  vertical  position,  and  remained  quiescent. 
The  connection  with  the  battery  was  now  broken,  and  the  galvanometer, 
having  no  current  passing,  became  perfectly  vertical.    Things  being  in  this 
position — that  is  to  say,  both  ends  being  disconnected  from  the  battery — the 
near  end  was  connected  with  the  earth  ;  the  galvanometer  was  now  deflected 
in  the  opposite  direction  by  a  returning  charge  quite  as  violently  as  in  the 
first  instance,  proving  that  a  charge  had  been  retained  in  the  wire.   No  such 
phenomena  were  observed  when  the  icw  miles  of  cable,  instead  of  being 
submerged,  were  lying  in  coils  in  a  dry  store-room. 

2.  The  length  of  wire  in  circuit  was  i«490  miles,  of  which  70  miles  were 
on  dry  boards,  the  remainder  being  in  iron  or  earthenware  pipes,  buried 
underground  along  the  railway  between  London  and  Manchester.  The 
gutta-percha  was  a  quarter  of  an  inch  in  diameter,  and  the  interior  copper 
-wire  one-sixteenth  of  an  inch  ;  each  wire  was  lapped  round  with  cotton  tape 
dii^)ed  in  coal  tar,  and  then  dusted  with  fine  sand.  One  hundred  miles  of 
tiie  copper  wire  presented  8,250  feet  of  surface.  The  wires  were  loosely 
bound  into  a  bundle  of  eight  wires  by  twine,  and  drawn  into  the  pipes,  thus 
forming  eight  independent  circuits  from  London  to  Manchester,  which  were 
all  joined  up  into  one  circuit  of  1490  miles.  The  battery  power  used  was 
508  cells  of  Darnell's  battery.    All  the  eight  wires  were  joined  up  into  one 
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continuous  length,  viz.  the  zinc  pole  of  the  battery  to  the  earth,  the  copper 
pole  through  a  galvanometer  to  the  line  wires,  thence  to  Manchester  and 
back  twice,  and  through  a  second  galvanometer,  again  to  Manchester  and 
back  twice,  and  through  a  third  galvanometer,  and  then  to  earth.  On 
making  contact  with  the  battery,  the  needle  of  the  Jirst  galvanometer  was 
deflected  with  great  violence  for  an  instant,  and  immediately  afterwards 
settled  at  an  angle  of  nearly  90°.  After  the  lapse  of  a  full  second  or  more 
the  needle  of  the  second  gidvanometer  was  deflected  in  the  same  direction, 
not  with  such  violence,  as  in  the  case  of  the  first,  but  rather  slowly  and  tardily, 
settling  to  an  angle  of  about  40°  or  50°.  Again,  after  a  still  longer  interval, 
the  current  appeared  to  reach  the  third  galvanometer,  the  needle  deflecting 
feebly  with  a  slow  movement,  but  increasing  gradually,  apparently  by  jerks 
or  pulsations,  till  it  remained  at  an  angle  of  15°  or  ao°.  On  disconnecting, 
the  first  galvanometer  fell  back  first,  the  second  and  third  last. 

3.  In  this  experiment  there  was  no  earth  connection  used,  the  poles  of  the 
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In  one  case  very  evident  after  a  lapse  of  Jive  minides,  during  which 
time  the  wire  (loo  miles)  had  bc^n  totally  disconnected  from  the 
Vattery. 

When  a  current  was  sent  along  500  miles  of  naked  iron  wire 
suspended  in  the  air,  it  appeared  at  the  distant  end  almost  instan- 
taneously, and  ceased  to  flow  almost  at  the  same  time  that  it  was 
stopped  at  the  near  end. 

ia  an  experiment  with  800  miles  of  subterranean  wire,  the 
iMitteiy  power  was  varied  from  31  to  516  cells;  the  time  occupied 
before  the  first  appearance  of  the  induced  current  was  about  half 
a  second,  and  it  was  sensibly  the  same  for  all  the  electromotive 
forces  tried. 

(282)  Measoreinent  of  tbe  Currents  produced  dnrinsr 
tlie  Cbarffinff  and  BIscbarf  Ingr  of  IVIros. — The  first  method 
of  measuring  the  amount  of  induction  in  telegraph  wires,  and  the 
one  ultimately  adopted,  was  by  measuring  the  swing  of  the  needle 
of  a  vertical  galvanometer.  The  currents  are  of  such  short 
duration  that  they  cannot  affect  the  needle  in  a  permanent  manner ; 
the  forces  which  produce  the  deflections  are,  as  in  the  similar  case 
of  a  balistic  pendulum,  generally  assumed  to  be  as  the  chord  of  tM 
arc  through  which  the  needle  passes.  The  arcs  themselves,  when 
they  do  not  surpass  30°  or  40°,  may,  for  these  experiments  which 
do  not  admit  of  the  greatest  accuracy,  be  considered  as  a  sufficient 
approximation  (Wheatstovie),  In  general,  it  was  found  by  Mr. 
Latimer  Clark  that,  when  the  galvanometer  was  suspended  by  a 
single  fibre  and  small  arcs  of  vibration  recorded,  the  number  of 
degrees  of  swing,  or  the  arc  of  vibration,  was  nearly  proportional  to 
the  amount  of  induction ;  but  there  were  considerable  variations  in 
different  instruments.  In  the  galvanometer  employed  by  him  in 
all  his  experiments,  the  oscillations  up  to  at  least  70°  were  strictly 
proportional  to  the  amount  of  induction. 

The  amount  of  charge — that  is,  the  quantity  of  electricity 
stored  up  by  induction — is  directly  as  the  electromotive  force  of 
the  battery,  as  shown  by  observations  taken  with  batteries  varying 
from  I  cell  to  508.  If  the  deflection  given  by  a  known  mile  of 
telegraph  wire,  with  a  known  number  of  cells,  be  noted,  and  if  we 
take  another  mile  of  different  wire,  and  vary  the  number  of  cells 
until  it  gives  the  same  deflection  on  the  same  instrument,  the 
relative  amount  of  induction  in  the  two  cables  will  be  inversely 
as  the  number  of  cells. 

With  a  wire  of  ordinary  dimensions  the  amount  of  charge  or 
of  induction  i  may  be  taken  as  varying  inversely  as  the  square 
root  of  the  thickness  of  the  coating  of  gutta-percha  t,  and  also 
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gnttarpercha,  paraffin,  glass,  or  air ;  H  the  Morse  key,  by  which 
the  condenser  x  y  may  be  brought  into  connection  with  the  battery 
z  c  by  a  contact  at  P,  and  then  removed  from  the  battery  and 
connected  at  o  with  the  galvanometer.    Next  charge  the  cable 
from  the  same  battery,  and  by  trial  bring  the  galvanometer  to  the 
same  deflection  by  shunting  part  of  the  current  through  reeiBtance 
coils,  which  can  be  adjusted.    If  one-hundredth  part  of  the  current 
pass  through  e,  then  the  capacity  of  the  cable  is  one  hundred 
times  that  of  the  condenser.    The  relative  charges,  if  not  differing 
Bmch,  may  be  taken  as  proportional  to  the  deflections  on  a  reflect- 
ing galvanometer  (145),  or,  more  strictly,  to  the  sines  of  half  the 
angles  on  ordinary  galvanometers.    A  galvanometer  with  a  com- 
paratively heavy  needle  is  better  for  this  purpose  than  a  reflecting 
instrument  with  mirror  and  light  magnets,  owing  to  the  effect  of  the 
f^eaistanoe  of  the  air.  Other  and  more  accurate  methods  of  measuring 
the  inductive  capacities  of  cables  are: — i.  By  the  transfer  of  a 
charge  from  one  condenser  to  another,  and  the  measurement  of  the 
pjotential  before  and  after  the  transfer ;  2.  By  the  relative  effect  of 
two  discharges  in  opposite  directions  through  a  differential  galvano- 
meter (144) ;  3.  By  balancing  a  succession  of  discharges  through 
one  coil  of  a  differential  galvanometer  against  a  permanent  current 
adjusted  with  the  aid  of  resistance  coils  (i  1 1) ;  and  4.  By  balanc- 
ing the  discharges  against  a  permanent  current  in  an  arrangement 
resembling  a  Wheatstone's  balance  (no). 

Experiments  were  made  by  Mr.  Clark  to  determine  the  compara- 
tive inductions  of  copper  and  iron  conductors ;  and  it  was  found  to 
be  sensibly  the  same  as  might  be  expected,  irom  the  well-known  fact 
that  electricity  under  induction  dwells  only  on  the  surface  of  con- 
ductors, and  that  its  quantity  is  the  same  whatever  may  be  the 
material  of  which  the  conductor  is  composed.  The  same  elec- 
trician also  found  that  the  amount  of  induction  received  from  a 
cable  was  not  altered  by  allowing  the  charge  to  pass  through  a 
second  length  of  cable.  A  perfectly  insulated  cable,  connected 
with  a  battery,  will  ultimately  attain  the  same  maximum  of  charge 
whatever  be  the  length  of  the  wire,  or  whatever  be  the  resistance 
of  the  intervening  conductor :  thus,  one  mile  of  plain  gutta-percha 
wire  was  charged  with  a  battery  power  of  128  cells,  a  resistance 
equal  to  about  700  miles  of  line  being  interposed  between  the 
battery  and  the  cable,  so  that  the  charge  and  discharge  had  to 
pass  through  this  length  of  wire  before  reaching  the  cable ;  the 
amount  of  induction  charge,  as  measured  by  the  galvanometer, 
was  30*46 ;  of  discharge,  30'36.  The  same  wire  was  now  charged 
with  the  same  battery,  and  connected  direct  to  the  galvanometer 
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without  any  resigtanoe;   the  amoimt  of  inductioii-charge  wm 
30-38,  and  of  discharge,  30-66. 

By  the  following  interesting  experiments,  it  was  proved  tint 
the  amount  of  current  which  enters  the  cable  b  exactly  eqcdyaloifc 
to  that  which  leaves  its  exterior,  and  is  of  course  of  tiie  bsihb 
denomination : — 

I.  A  Inge  tub  of  water  was  carefully  iosnlated  by  8ai^)ending  it  on  dingi 
of  gatta-percha,  and  about  half  a  mile  of  gattapercba-covered  copper  win 
was  placed  in  it  The  battery  power  used  was  256  cellfl.  The  negatiye  pole 
waH  connected  with  the  earth,  and  the  induction  was  measured  in  the  lunal 
way,  by  the  iwing  of  the  needle  of  a  horizontal  galvanometer ;  the  cAor^ 
amounted  to  0*7,  the  discharge  to  0*5,  the  leakage  being  0*35.  The  chaige 
here  observed  was  obviously  caused  by  the  induction  of  the  surroanding 
walls  and  ceiling  of  the  room. 

fl.  The  water  was  now  connected  with  the  earth,  and  the  observations 
repeated ;  the  results  were— cAatye,  38*36 ;  diMchar^  a6r^ ;  leakage,  172. 

3.  The  connections  were  now  changed  in  the  manner  shown  in  Fig.  427; 
the  current  from  the  battery,  instead  of  being  sent  into  the  wire,  was  sent 

Kg.  497. 


into  the  water  in  the  tub,  the  wire  being  connected  through  the  galvano* 
meter  with  the  earth ;  the  observatious  were  repeated ;  the  results  were— 
charge,  27*92  ;  discharge,  25*92  ;  leakage,  1*95. 

4.  The  galvanometer  was  now  removed  from  the  coil  of  wire  and  placed 
in  circuit  with  the  wire  leading  to  the  earth,  so  as  to  measure  the  amonnt 
of  electricity  passing  from  the  tub  .to  the  earth.  The  battery  was  ctmnected 
directly  with  the  wire :  the  results  were — charge,  28*12 ;  discharge,  25*88 ; 
leakage,  I'^j. 

5.  The  galvanometer  was  placed  between  the  wire  proceeding  from  the 
battery  and  the  wire  dipping  into  the  watrr  of  the  tub,  but  not  in  direct 
contact  with  the  coil,  so  as  to  measure  the  amount  of  electricity  passing 
from  the  battery  into  the  water.  The  cable  was  connected  with  the  earth. 
The  results  yrere— charge,  28*72  ;  discharge,  26*1 ;  leakage,  2*42. 

The  results  were  the  same  with  negative  as  with  positive  elec- 
tricity, and  it  was  further  proved  that  with  the  same  electromotive 
force  the  cable  gives  the  same  induction,  whatever  he  the  souice 
from  which  the  electricity  is  derived. 

The  induction  discharge  may  be  used  to  measure  insulation 
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^UB  (P.  Jenkm) : — Charge  the  cahlc  by  contact  at  p  (Hg.  422), 
and  then  break  contact  at  p  without  making  contact  at  o.  The 
charge,  which  is  aa  it  were  bottled  up  indde  the  cable,  leak& 
gradually  through  the  gutta-percha.  After,  say,  one  minute, 
make  contact  at  o,  and  obeerve  the  difference  between  the  defleo- 
tion  thus  obtained  and  that  obtained  when  the  cable  is  discharged 
immediately  after  being  charged.  The  difference  measures  the 
loss  in  one  minute  (vide  286). 

A  similar  test  is  applied  by  Mr.  Latimer  Olark  to  the  testing  of 
joints,  a  method  which  has  been  universally  adopted.  A  joint  j 
(Fig.  428)  is  placed  in  an  insulated  trough  of  water  connected  with 

Fig.  438. 


a  condenser ;  the  battery  is  applied  to  one  end  of  the  cable,  and 
any  slight  leakage  which  may  occur  at  the  joint  gradually  accu- 
mulates in  the  condenser.  After  a  minute  or  more  the  condenser 
IB  discharged  through  the  galvanometer,  which  may  then  show 
the  result  of  a  minute^s  accumulation,  even  when  the  permanent 
current  passing  at  any  moment  would  not  have  been  sensible. 

(283)  Bl«otrio  IVaves. — If  two  or  three  successive  currents 
of  short  duration  be  sent  into  a  long  cable,  they  will,  if  of  sufficient 
magnitude,  travel  onwards  separately,  and  emerge  in  succession 
from  the  other  end ;  and  this  fact  is  usefully  taken  advantage  of 
to  increase  the  speed  of  working  in  long  cables. 

Electric  waves  may  be  of  three  kinds : — i.  Those  consisting  of 
positive  electricity ;  2.  Those  consisting  of  negative  electricity ;  3. 
Those  consisting  of  both  positive  and  negative  electricity  together. 
In  waves  of  positive  electricity  the  potential  of  the  vnre  rises 
alternately  above  that  of  the  earth,  and  sinks  to  0°.  In  negative 
waves  the  potential  falls  hdow  that  of  the  earth,  and  rises  to  o^. 
They  are  identical  in  their  characteriatics,  and  foUow  the  same 
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Edzhie  aihe  wii^  a  ctzztsii  20  vi^  through  it,  and  let  A  H  repre- 
afc-":  "±t  prtcZirAl  zifir  ibr  caricrv :  iz  i*  f::ind.  experimentally,  that 
*±-r  rct-i-iil  at  rtli-rr  rciz.:**  3,  c,  D.  ic.  Taries  as  the  distance  from 
zzj=  batt^y.  azi  iLi:  liu*  jzse  h  «  represents  the  potential  of  the 
el-strnicity  at  all  p-izts^  Bst  :he  quandrr  of  induced  electricity 
Taries  as  th.-r  p-;-iczdil ;  taert:  ^re  tie  perpendiculars,  B,  c,  D,  &c.^ 
will  ccrrectly  represent  the  a:uou:it  of  induction  at  all  points  along 
the  line. 

The  whole  amount  of  induction  ia  the  caUe  is  represented  by 
the  triangle  hag;  and  if  this  triangle  be  divided  into  sections 
by  the  perpendicular  lines  a,  b,  c,  d,  £,  f,  the  area  included 
between  any  two  of  these  perpendiculars  will  correctly  represent 
the  amount  of  induction  upon  that  section  of  the  cable.  Now  it 
is  the  property  of  a  triangle,  that  if  the  base,  a  e,  be  divided  by 
any  number  of  equal  lengths,  and  perpendiculars  such  as  B,  c,  D, 
Sec,  be  erected  upon  it,  if  the  area  of  the  smallest  section,  f  e, 
8  I,  the  area  of  all  the  other  sections  will  increase  in  the  ratio  of 
the  odd  numbers,  i,  3,  5,  7,  9,  n.  Consequently,  if  the  whole 
length  of  any  submarine  cable  be  conceived  to  be  divided  into  any 
number  of  equal  parts,  the  quantity  of  electricity  stored  up  indue* 
tively  in  each  section  will  be  in  the  ratio  of  i,  3,  5,  7,  9,  11,  &c.; 
therefore,  if  a  cable  be  divided  into  three  parts,  the  section  nearest 
tlie  battery  wiU  have  fi^^  i^xta  oi  ^UctcvdtY,tke  middle  three 
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Murta,  and  the  distant  section  one  part ;  and  this  independent  of 
bhe  battery  power,  bearing  in  mind  that  the  standard  potential  of 
KDy  section  depends  not  on  the  number  of  cells,  but  on  the  actual 
potential  measured  close  to  the  battery. 

If  the  battery  be  disconnected  firom  the  cable,  the  whole  of  the 
electricity  will  flow  out  at  the  distant  end  to  the  earth ;  but  if 
the  near  end  of  the  cable  at  the  instant  it  is  disconnected  ^m  the 
lattery  is  connected  with  the  earth,  a  much  larger  quantity  of 
electricity  rushes  out  at  the  near  end  than  at  the  distant  end,  and 
the  strength  of  the  current  is  very  much  greater. 

(285)  &aws  wblob  Seffulate  tbe  Quantity  of  Cbarffo 
^vlil^i  Snten  a  Cable. — {hatimer  Clark.) — The  entire  commer- 
cial yalue  of  the  telegraph  depends  upon  the  time  occupied  in 
charing  and  discharging,  and  the  rate  at  which  signals  can  be 
distributed  through  the  cable  within  a  given  period.  Before  the 
contact  of  the  battery  with  a  cable  whose  distant  end  is  to  earth, 
the  potential  of  the  former  is  at  its  maximum ;  but  upon  contact 
the  current  enters  freely  into  the  empty  cable,  the  potential,  unless 
the  battery  be  immensely  large,  at  first  falling,  and  again  rising 
as  the  successive  sections  of  the  cable  (284)  gradually  become 
charged.  The  potential  near  the  battery  gradually  becomes 
greater,  until  the  flow  of  electricity  out  at  the  distant  end  equals 
the  supply  at  the  near  end,  and  all  the  potentials  have  attained 
their  final  states.  Now  after  the  equilibrium  has  been  ob- 
tained, we  have  seen  (284)  that  the  quantity  of  electricity  in  any 
given  section  of  the  cable,  as  a  b,  maybe  represented  geometricall;y 
by  the  triangle  A  B  d  ;  also,  that  pj 

£f  the  potential  of  tjie  battery 
riemain  the  same,  the  quantity  in 
any  longer  cable,  a  c,  may  alsu 
be  represented  by  the  triangle 
A  0  D.  Now  if  we  suppose  the 
cable  A  B  to  be  100  miles  long,  and  A  0  200  miles,  we  shall  see 
that  the  whole  amount  of  electricity  under  induction  in  A  0  will 
be  twice  as  great  as  in  a  b  *,  for  the  triangle  A  b  o  is  one-half  of 
the  parallelogram  abed,  and  the  triangle  A  c  o  is  likewise  half 
the  parallelogram  a  c  e  n ;  and  since  of  these  two  parallelograms 
one  is  just  twice  as  large  as  the  other,  the  triangle  a  c  d  ^v^  be 
twice  as  large  as  abb.  The  whole  electricity  in  the  200  miles 
wHl,  therefore,  be  exactly  twice  as  great  as  that  in  100.  It  will 
be  seen,  at  the  same  time,  that  the  average  distance  through 
which  the  electricity  has  to  flow  before  reaching  its  destination, 
and  before  returning  to  the  earth,  is  exactly  twice  the  average 
distance  which  the  electricity  in  a  b  has  to  flow ;  and,  therefore^ 
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the  longer  cable  a  c  not  only  has  twice  tlie  declricitjr  in  it,  but' 
that  electricsty  has  twice  as  far  to  travel,  and  oonaeqiientilj  the 
time  ooca{ned  by  the  charge  and  diacharge  will  be  ybicr  timee  aa 
long.  Similarly^  if  the  cable  A  o  had  been  three  times  as  long  aa 
A  B,  the  quantity  of  electricity  under  induction  would  haye  been 
three  times  as  great,  and  the  average  distance  it  woold  have  had  to 
traverse  would  also  have  been  thne  limes  as  fiir,  and  conaeqnently 
it  would  have  taken  nine  times  as  long  to  become  charged,  hi 
other  words,  the  time  occupied  in  charging  and  discharging  a 
cable  with  its  distant  end  to  earth  will,  according  to  this  theory, 
vary  as  the  square  of  its  length.  This  law  was  first  ennndatBd 
by  Sir  William  Thomson  in  a  paper  read  before  the  Boyal  Soeietf 
in  May  1855,  and  published  in  the  Proceedings  of  that  year,  in 
which  the  question  was  submitted  to  the  highest  mathematical 
analysis. 

There  is  no  increase  in  the  speed  of  transmission  of  the  electric 
current  by  increasing  the  battery;  for,  let  the  induction  in  a 
cable  with  any  g^ven  electromotive  force — say,  100  elementB-4)e 
represented  by  a  triangle,  as  in  Tig,  430,  and  let  the  time  occupied 
by  the  passage  of  the  electricity  into  the  cable  be  represented  by 
I.  Now  if  we  double  the  battery,  the  quantity  of  electricity 
contained  in  the  cable  will  be  twice  as  great  as  it  was  before ; 
but  while  entering  the  cable,  each  particle  will  be  forced  in 
under  twice  the  potential  that  existed  in  the  first  case ;  and  we 
have  seen  that  the  quantity  of  electricity  flowing  through  a  wire 
in  a  given  time  varies  directly  as  the  potential ;  consequently  the 
double  quantity  contained  in  the  cable  under  the  double  potential, 
will  occupy  the  same  time  in  entering  and  leaving  the  cable  as  the 
original  quantity  did  under  the  lower  potential. 

(286)  Testinir  Short  Ibengtlis  of  Cable. — An  instrument 
frequently  employed  for  this  purpose  is  Thomson  s  divided  ring 
electromet  -r.  A  general  description  of  this  beautiful  instrument 
has  already  been  given  (42);  its  application  to  the  testing  of 
cables  will  perhaps  be  more  clearly  understood  from  Fig.  431, 
which  illustrates  the  principle  on  which  it  is  constructed  (Fleeming 
JenJdnf  Cantor  Lectures)  : — 

A  light  flat  aluminium  needle,  a  ft,  balanced  by  a  counterpoise,  is  sus- 
pended by  a  platinum  wire  from  a  point  connected  with  the  interior  coating 
of  a  Leyden  jar.  Under  the  needle  two  half  rings,  l  and  m,  are  placed,  with 
the  division  on  one  side,  directly  under  the  aluminium  needle  in  its  position 
of  rest.  The  whole  is  placed  inside  a  metal  case,  not  shown  in  the  drawing. 
Suppose  the  needle  a  b  not  to  be  charged,  then  if  l  be  connected  with  x,  an 
electrified  body,  while  m  is  connected  with  the  earth,  the  needle  will  t\im 
slightly  towards  i.,  and  this  will  be  the  case  whether  the  electricity  of  x  be  - 
positiYe  or  negative.   If  we  now  cYkaxg^  \.\i^  \«;j^«a\fti  -«\jesi,^'s  x^'i^Bb^a.^i^ 
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electiicitv,  the  needle  will  be  brought  to  the  Mine  potentul  at  the  ipner 
eoaUng  ;  it  will  be  mach  mere  strong^j  attncted  than  before  by  i.  if  the 
^ectricity  of  x  be  positive,  and 

would  be  powerfully  repelled  ¥ig.  4]i. 

if  »  were  negative.  If  x  loses 
its  electricity  and  returns  to 
the  potential  of  the  earth,  the 
needle  a  b  will  return  to  its 
original  indifierent  position 
between  l  and  m,  being  equally 
attracted  by  both.  One  object 
of  connecting  the  needle  with  a 
Ley  den  jar  is  to  provide  a  con- 
siderable supply  of  electricity 
tar  the  needle,  so  that  the  un- 
MToidable  slight  leakage  which 
must  occur  may  not  affect  one 
test,  or  even  a  series  of  tests. 
A  loss  of  one  unit  of  electricity 

per  minute  wiU  matter  little  if  the  whole  store  be  i«ooo,  such  as  may  be  held 
by  the  jar ;  but  if  the  store  be  only  one  or  two  units,  such  as  would  be  re- 
ceived by  the  needle,  such  a  loss  would  be  fataL  The  deflections  will  also  be 
greater,  and  the  instrument  will  be  more  sensitive,  the  higher  the  potential 
with  which  the  jar  is  charged ;  but  the  indications  wUl  only  be  constant  so 
long  as  the  jar  is  charged  to  the  same  degree. 

In  the  instrument  as  made,  the  deflections  are  shown  by  a  spot  of  light 
reflected  from  a  mirror  huog  above  the  needle,  as  in  the  reflecting  galvano- 
meter (145).  The  Leyden  jar  is  placed  in  an  atmosphere  dried  by  sulphuric 
add,  and  wiU  hold  a  sensibly  constant  charge  for  days  at  a  time.  Finally, 
the  metal  case  screens  the  needle  from  all  attraction  or  repulsion  by  electri- 
fied bodies  outside,  owing  to  a  well-known  law.  The  deflections,  being 
angularly  very  small,  are  proportional  to  the  potentials  of  the  bodies  to  be 
tested,  which  are  connected  with  l,  while  m  is  kept  permanently  connected 
with  the  earth. 


With  this  instrument^  nothing  is  easier  than  to  compare  accu- 
rately the  times  occupied  by  the  charged  conductor  of  a  piece  of 
cable  covered  with  water,  in  falling  to  half  or  any  other  fraction 
of  the  charge,  and  the  times  thus  occupied  are  relative  moaHure;^ 
of  the  insulation  resistance  of  the  insulating  cover. 

In  making  the  test,  the  cable  maybe  charged  by  a  spark  or  two 
from  a  machine  or  electrophorus,  or  it  may  be  charged  by  ftini])le 
contact  for  an  instant  with  a  wire  joined  to  one  pole  of  a  battery 
of  50  or  100  elements.    The  other  pole  of  which  is  to  earth. 

The  following  formula  gives  the  means  of  calculating  in 
ohms  the  resistance  of  the  insulator.  When  the  potential  1'  at 
the  beginning  and  p  at  the  end  of  a  time  t  meafured  in  sec(»Dd« 
are  known — 
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Or, 

Slog.? 

In  the  firet  of  then  eq[aatioiiB  the  hyperbolic,  and  in  the  second 

P  - 

the  ordimrr  losaxxthm  of  —  is  used,  but  in  both  we  haye  a  quantity, 

S,  called  the  capadtr  of  the  cable. 

•2S7,  TkMBflOTi*!a  F«ttaU0  lEliuliwuotcii  — ^This  instrument 
if  alsooaed  for  teetii^  the  insulating  powers  of  materials,  by  obeerv- 
hag  gradoal  loss  of  chajge  from  a  body  insulated  by  the^e  mate- 
rials ;  for  teedng  the  electromotiTe  force  a(  batteries  and  other 
electromotora,  and  for  Tarioos  other  porposes  where  great  delicacy 
and  accnracT  are  required. 

In  a  former  part  of  this  woik  (42),  mention  has  been  nude  of 
this  beautiful  electrometer.  For  the  following  detailed  description 
of  ity  and  the  theory  of  its  action,  we  are  indebted  to  Professor 
Fleeming  Jenkin,  F.R.S.  :— 

It  consLets  essentially  of  ax  parts : 

1.  The  Leyden  jar,  the  inner  coating  of  which  extends  over  the  loirer 
part  of  the  jar  only,  and  is  connected  with  a  brass  plate,  the  npper  surface 
of  which  is  exposed  to  the  air  inside  the  jar,  and  has  no  external  armature 
near  it. 

2.  The  movable  test-plate,  parallel  with  the  above,  and  meant  to  be 
connected  with  the  object,  the  electrical  condition  of  which  is  to  be  tested. 

3.  An  index  moved  by  the  force  exerted  between  the  test-plate  and  the 
plate  connected  with  the  inner  coating  of  a  Leyden  jar. 

4.  An  electrode  from  the  test-plate,  protected  by  a  cap  or  covering,  which 
prevents  external  undried  air  from  entering  the  Leyden  jar. 

5.  A  brass  covering  protecting  the  contents  from  external  electrical 
influence. 

6.  A  receptacle  for  pumice-stone,  to  be  saturated  with  sulphuric  acid  for 
the  purpose  of  maintaining  an  artificially-dried  atmosphere. 

The  arrangement  of  these  parts  will  be  understood  by  reference 
to  the  two  followirg  illustrations  (Figs.  432  and  433).  The  Leyden 
jar  is  formed  by  the  glass  jar  M  m  (Fig.  433  :  2),  covered  exter- 
nally by  a  brass  protecting  cover  with  openings,  through  which  the 
interior  can  be  seen.  The  external  coating  of  this  jar  is  confined 
to  the  lower  portion,  and  is  formed  by  the  brass  cup  n  n  (Fig.  433 : 
2  and  3),  the  upper  surface  of  which  is  coated  with  a  brass  plate, 
^(l%433:  2). 
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This  jtT  con  be  cbargsd  only  by  putting  a  wire,  insulated  with 
indiarabtier,  down  throngh  tbe  hole  a  (Fig.  432 ;  i )  in  the  cover  of 
the  inatrument.    The  eharge 
can  be  given  bj  a  Hucceaaion  of  Ffg,  451 

tfttka  from  KB  electcophorus 
(%.  433:  7  and  8);  it  may 
be  po^tire   or   nwatiTe,   ac- 
cording    to    the    maimer    !" 
which  the  infltrument  ia  use 
When  the  cliarge  U  g^veu,  the 
wire  is  withdrawn,   and  the  •> 
hole  <i  cloeed  with  a  cove 
The     movable     test-plate 
marked  A  A.    It  ia  a  thin,  flat,! hji 
dtcnlar  brass  plate,  carried  by    ''I 
B  glasfi   influlating  column  f- 
TUs  colamn  ie  carried  by  a 
brass  cylinder  6,  which  cat 
raised  or  lowered  by  a  mii 
meter  screw,  worked  by  ti 
iog  the   nut    a.      The   lower 
fiauge  k  of  this  nut  ia  divided 
into    100    parts.      The   brass 
cylinder  S  projects  at  its  uppr 
end  beyond  the  nut ;  and  on 
this    projection     a     scale    is 
marlied,    each      division     of 
which  correaponds  to  one  turn 

of  the  micrometer  screw.  By  this  scale,  and  the  divisions  on  tljH 
nut,  the  distance  through  which  the  teat-plate  is  raised  or  lowered 
can  be  read  to,  say,  ^^th  part  of  an  inch. 

A  force  of  attraction  or  repulsion  will  be  exerted  between  the 
test-plate  A  and  the  plate  s,  accordiog  as  the  two  are  electrified, 
similarly  or  dissimilarly.  The  force  will  in  any  case  increase  as 
the  test-plat«  is  lowered,  and  decrease  as  it  ia  raised.  This  force  is 
made  use  of  to  move  the  iodei  BCD  (Fig.  433). 

This  iadex  consiata :  1  at,  of  a  anatl,  square,  light  aluminium 
plate  B,  level  with  the  surface  of  the  plate  s :  zndly,  of  a  bent  arm 
passing  under  this  plate,  and  carrying  a  little  forh  with  a  crocs- 
hair  at  D  (Figs.  432 :  i,  and  433 ;  2  aud  3).  This  little  fork  comes 
through  the  cup  s  n  n,  and  can  be  seen  through  the  glass  of  the 
Leydeu  jar.  The  iodei  ia  supported  on  a  fine,  light,  horizontal 
wire  e  e  (Fig.  433 :  3),  on  which  it  oscillates  ireely  within  certiun 
limits     The  oecilhtiona,  indicating  the  rise  oc  &U  of  the  plate  D, 

HU2 


iil^iinty  to  two 
iM^dnd  the 
lietween    j 


35k:  425- 


:ae  r=r7  5?!ctSw  ^  £:  1    Fbr.  ^5: :  i\  h  oenqneB  wbat  is  called  the 
'  sCiTiQ?^ '  iv'sciciL.  isii  liu?  plars  b  is  dtm  exBctlr  flush  with  the 

r.*  jjcilicMg  i^jt^  ccitemdi^ss  of  the  ezQ3»-hair.  mod  to  SToid 
■»*r*rif^x,  4  Iiem^  ^  piacthi  A  Iiitle  dL?cazice  in  froot  of  the  spots. 
W^^jix  :^  j«n&^  x»  s»  inw3  h«ek  firom  the  glass  as  £ur  as  is 
tJcwr«^I  >y  t2!e  xnie  s3i^.  ibe  hair  azid  ^pots  are  seen  greatly 
mftrixiibAL :  imi  I3^  'tair  will  onlv  appear  straight  when  the  eye 
^  itt  ^i*  r«3  pcertioB.  ie.  exactly  oppoate  the  centre  of  the 
rw,»  ^wck  T^  Tise  oc  this  isdex  ^  to  show  whether  the  force 
;*i»rrt«a  ^cwv«!i  tae  tti^-plate  and  the  plate  B  is  soch  as  to  hring 
rj:««  7Ui>at»  «xacc^r  tesh  with  5^.  A  slight  torsicm  is  giyen  to  the 
wxK  ^  :k  31  ssc^  a  £z«etk3n  as«  when  neither  test-plate  nor  Leyden 
-AT'  ^  MKCnAiiLwtll  bring  the  plate  b  helowK,  and  the  cross- 
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means  of  an  electrode  or  tenninal  h  (Fig.  432),  which  projects 
tiuough  an  opening  in  the  brass  coyer.    This  electrode  is  sup- 
ported by  an  insiilating  glass  pillar  e,  and  isHx)nnected  elec- 
trically with  the  test-plate  by  the  wire  b,    A  cap  or  cover- 
bg,  I,  slides  up  and  down  on  the  rod  h.    When  pressed  down, 
u  it  always  should  be  when  no  test  is  being  made,  it  excludes 
the  air  from  the  jar  at  this  pcnnt^  and  also  connects  the  test* 
plate  electrically  with  the  outer  case  of  the  Leyden  jar.    When 
tiiB  cap  is  raised;  it  forms  part  of  the  insulated  system  of  the  test- 
plate,  and  still  serves  to  prevent  any  rapid  interchange  of  air  be- 
tween the  inside  and  outside  of  the  jar.  The  lead  case  L  (Fig.  433) 
contains  pumice-stone  moistened  with  sulphuric  acid,  for  the 
purpose  of  keeping  up  an  artificially  dried  atmosphere  within  the 
instrument. 

To  use  the  instrument  proceed  as  follows : — Press  the  cap  at  i 
(Fig.  432)  down  till  it  touches  the  cover  of  the  instrument;  raise 
the  test-plate  by  turning  the  nut  a  till  about  twenty  divisions 
can  be  read  at  the  scale  at  k  ;  uncover  the  hole  in  the  lid  at  q  ; 
put  the  indiarubber-covered  wire  o  p  (Pig.  432  :  6)  through  the 
liole  Hf  taldng  care  that  the  bare  copper  touches  the  plate 
K,  and  does  not  touch  the  test-plate  A ;  touch  the  bare  end 
of  the  insulated  wire  projecting  from  the  pole  Q  with  the  chaiged 
cover  of  the  electrophorus  (Fig.  433 :  7) ;  and  repeat  the  operation  a 
considerable  number  of  times,  tUl  the  cross-hair  at  t  drops  from 
above  the  *  sighted  *  position  to  below ;  then  carefully  and  rapidly 
withdraw  the  charging  wire,  and  close  the  hole  q.  The  fall  of  the 
cross-hair  will  have  been  due  to  the  attraction  exerted  between  the 
plate  B,  now  charged,  and  the  test-plate  which  is  in  connection 
with  the  earth.  The  charge  on  b  is  sufficient  (if  the  attraction 
just  mentioned  is  sufficient)  to  overcome  the  torsion  of  the  wire, 
when  the  test-plate  is  at  such  a  distance  from  b  as  corresponds  to 
twenty  divisions  on  the  scale. 

Next  look  through  the  lens,  taking  care  to  keep  the  instrument 
to  the  eye  in  such  a  relative  position  that  the  hair  looks  straight 
and  not  distorted. 

Turn  the  nut  k  slowly,  till  the  hair  comes  to  exactly  the 
'nghted'  position.  When  the  cross-hair  is  below  the  'sighted' 
position,  the  nut  must  be  turned  in  the  direction  in  which  the  hands 
of  a  watch  move ;  this  raises  the  test-plate,  and  diminishes  the  attrac- 
tion. When  the  hair  is  above  the  sighted  position,  the  nut  must 
be  turned  the  other  way.  When  the  cross-hair  is  exactly  in  the 
dghted  position,  the  scale  must  be  read  and  noted  down.  Read 
first  the  scale  at  K,  and  write  down  the  two  figures  as  read,  as 
thousandths  and  hundredths.    Next  observe  the  division  on  the 
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nut  ky  opposite  the  arrow  on  the  lid,  and  write  down  the  figures  as 
tenths  and  units.  Thus,  if  21  divisions  are  exposed  at  x,  and  the 
diTidon  65  is  opposite  the  arrow  on  the  lid,  write  down  the  oheer- 
Tation  as  21  65 ;  this  number  is  called  the  earth-readkiff,  be- 
cause the  test-plate  was  in  connection  with  the  earth  at  the  time. 
It  serves  first  to  indicate  the  degree  of  charge  in  the  Lejden  jar ; 
and  secondly,  as  a  starting-point  from  which  to  measure  the  differ- 
ence in  the  electrical  condition  of  other  bodies  from  that  of  the 
earth.  Even  in  the  best  instrument  the  earth-reading  will  not 
remain  sensibly  constant  when  the  Leyden  jar  is  first  charged ;  tbe 
observer  will  find  that  every  few  minutes  he  must  turn  the  nut  k  a 
little  round,  lowering  the  test-plate  a,  increasing  the  reading.  This 
is  due  to  the  gradual  partial  absorption  of  the  charge  into  the  glass 
of  the  Leyden  jar.  If  the  jar  were  suddenly  partly  discharged,  and 
a  new  earth-reading  taken,  this  reading  would  gradually  increase, 
owing  to  the  gradual  redelivery  of  the  electricity  previously  ab- 
sorbed. For  these  reasons  the  jar  should  be  charged  for  some  hours 
before  the  instrument  is  to  be  used,  and  the  charge  should  not  be 
disturbed  or  altered  in  any  way  before  or  during  the  observations. 
If  the  instrument  be  in  good  order,  the  earth-reading  will  be  found 
sensibly  constant  about  twelve  hours  after  charging,  and  an  observa- 
tion can  then  be  made. 

Raise  the  little  cap  i ;  put  the  body  to  be  tested  in  electrical 
connection  with  tbe  wire  h ;  turn  the  nut  K  until  the  cross-hair 
is  again  in  the  ^  sighted  *  position.  Head  the  scales  as  before, 
and  note  the  result  on  tbe  last  reading.  Subtract  the  earth- 
reading  from  the  test-reading ;  the  difference  measures  the 
potential  of  the  body  tested.  If  the  difference  is  positive,  the 
electricity  of  the  body  tested  will  be  of  the  same  nature  as  that 
of  the  Leyden  jar,  and  vice  versd. 

Example : — 

Let  us  suppose  that  the  jar  was  charged  by  the  thin  metal  disc  of  the 
electrophorus,  the  charge  will  of  course  be  positive.  Let  the  earth-reading 
be  1,950,  and  the  test-reading  i,aio;  then  the  electricity  of  the  body 
tested  is  negative^  and  its  potential,  according  to  its  arbitrary  scale  differing 
with  each  instrument,  is  740. 

Suppose  the  test-reading  to  be  2,320,  then  the  electricity  of  the  body  is. 
positive,  and  its  potential,  according  to  the  same  scale,  370. 

It  is  important  that  the  earth-reading  should  remain  constant 
during  each  experiment ;  it  should  therefore  be  tested  after  each 
experiment,  and  if  it  has  altered  slightly  the  mean  of  the  initial 
and  final  earth-readings  should  be  taken  as  the  true  earth-reading. 

Tbe  body  to  be  tested  may  be  in  contact  with  the  electrodes, 
either  momentarily  ox  peimwaeii^iX^  *,  \i  ^eta»jafe\AV3 , it  is  well  to  use 
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It  fine  wire  h  (Fig.  432 :  i),  slipped  into  the  slit  at  Q ;  less  risk  is 
then  run  than  with  a  stronger  connection  of  breaking  the  electrode 
or  its  supports. 

To  test  the  electrical  qualities  of  the  atmosphere,  a  slow-burn- 
ing match  may  be  connected  with  h,  or  an  insulated  water-dropper, 
as  described  in  (43). 

Theory  of  the  Instrument. — ^There  are  two  leading  peculiarities 
in  the  construction  of  this  electrometer :  ihidjirgt  depending  on  an 
arrangement  allowing  strict  numerical  comparisons  to  be  made 
between  any  two  simple  readings  taken  on  the  same  instrument ; 
the  second  depending  on  the  use  of  a  highly  charged  and  insulated 
Leyden  jar,  which  greatly  augments  the  deUcacy  of  the  indications, 
and  allows  the  observer  to  distinguish  directly  between  positive 
and  negative  electricity. 

The  law  of  attraction  between  two  plane  and  parallel  surfaces, 
at  different  electric  potentials,  forms  the  basis  on  which  the  theo- 
retical proof  rests  that  the  readings  of  the  instrument  are  always 
comparable. 

In  a  paper  by  Sir  William  Thomson  (Proc.  Roy,  Soc.,  i860, 
p.  185),  it  is  shgwu  that  the  force  exerted  between  two  parallel 
surfaces  separated  by  a  distance  a,  small  as  compared  with  their 
whole  area,  and  maintained  at  a  difference  of  potential  V,  will  be 

equal  to  ^ — ^  per  unit  of  area.  The  present  instrument  con- 
tains two  plane  and  parallel  discs,  sufficiently  large,  in  proportion 
to  the  distance  separating  them,  to  fulfil  the  above  conditions 
approximately.  This  distance  can  be  altered  at  will.  An  index 
is  so  contrived  as  to  move  into  a  *  sighted '  position  whenever  the 
force  exerted  between  the  two  discs  is  exactly  equal  to  a  given 
amount,  constant  under  constant  conditions  for  eacl^  pstrument, 
but  varying  in  different  instruments.  By  a  micrometer  screw,  the 
difference  between  any  two  positions  of  the  parallel  planes  can 
be  read.  One  of  the  planes  is  maintained  at  a  constant  high, 
but  unknown,  potential  V ;  the  second,  which  may  be  called  the 
tegt-platfy  is  put  in  connection  with  the  body  to  be  tested.  The 
test  is  really  a  comparison  of  the  electric  potential  of  the  body  to 
be  tested  with  that  of  the  earth,  and  is  made  thus : — The  test- 
plate  is  first  connected  with  the  earth,  and  moved  to  such  a  dis- 
tance 01  from  the  opposiitie  plate,  that  the  index  comes  to  its 
sighted  position.  The  plate  is  next  put  in  connection  with  the 
body  to  be  tested,  and  moved  to  a  fresh  distance  a^,  at  which  the 
force  between  the  planes  is  the  same  as  before,  as  is  shown  by  the 
index  coming  to  the  same  position.  Then  if  or  be  the  potential  of 
the  body  to  be  tested,  we  have — 
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and  therefore — 

V 

V 

Now  —  U  a  constant,  for  as  V  diminishes  or  increases,  so  in  an 

e(^ual  ratio  will  flj. 

Thus,  the  above  equation  shows  that  in  each  instrument  the 
potential  of  the  body  tested  is  equal  to  a  constant  multiplied  bto 
a  difference  of  the  distance  observed  between  the  two  planes  as 
described. 

The  potential  V  is  that  of  the  Leyden  jar  already  referred  to; 
and  the  above  equations  show  in  what  sense  the  indications  are 
independent  of  the  potential  of  that  charge.  They  show,  how- 
ever, that  the  actual  force  exerted  between  the  planes  la  increased 
rapidly  as  the  charge  increases ;  and  since  this  force  is  employed 
to  move  the  index,  the  use  of  a  highly  charged  plate  causes  the 
indications  of  the  instrument  to  be  comparatively  very  delicate. 
The  use  of  the  jar  prevents  this  charge  from  varying  rapidly,  in- 
asmuch as  a  small  leakage  affects  the  potential  very  little  if  the 
whole  quantity  be  large,  but  would  rapidly  diminish  the  potential 
if  the  plate  of  it  were  not  in  connection  with  a  store  or  reserve  of 
electricity.  The  sign  of  the  difference  between  a^  and  a^  gives 
the  sign  of  the  potential  of  the  body  tested. 

(288)    Tlioinson*s    Quadrant    Sleotrometer. — This    is   a 
further  and  great  improvement  on  the   pre^dous  electrometers. 
It8  value  is  inci  eased  for  observing  purposes  by  the  addition  of  a 
small  mirror  ?w,  which  converts  it  into  a  '  reflecting '  electrometer, 
allowing  it  to  be  used  in  a  similar  manner  to  the  reflecting  gal- 
vanometer.    This  instrument  has  proved  of  the  greatest  value  in 
submarine  cable  testing,  and  its  use  has  become  greatly  extended. 
Fig.  434  explains  the  general  appearance  of  the  instrument.    By 
far  the  greater  bulk  of  the  instrument  is  the  jar  of  white  flint- 
glass.      This  is  supported   on  three  legs  by  a  brass  mounting, 
cemented  round  the  outside  of  its  mouth.     The  latter  is  closed  by 
a  plate  of  stout  sheet-glass,  with  a  lantern-shaped  cover  standing 
over  a  wide  aperture  in  its  centre.     Beneath  the  cover,  and  within 
a  circular  metallic  box,  cut  twice  at  right  angles,  so  that  the 
separate  parts  form  quadrants,  is  placed  a  thin  aluminium  needle, 
whose  shape  somewhat  resembles  that  of  a  double  canoe-paddle. 
The  needle  at  its  centre  is  rigidly  fixed  to  an  axis  of  stiff  platinum 
wire  in  a  plane  perpendicular  to  itself.     At  the  top  end  of  the 
wire  a  small  cross-piece  is  fixed,  to  the  extremities  of  which  are 
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attached  tlie  lower  euda  of  two  sn^nding  silk  fibres,  the  other 
ftnda  heing  wound  upon  two  pns,  which  maj  be  turned  id  their 
Bockets  b;  a  square-pointed  key.    B;  this  means  the  tenaon  of 


l^ 


the  fibres  can  be  eqaallsed  and  the  needle  caused  to  stand  midwaj 
between  the  upper  and  under  surfaces  of  the  quadrants.  The 
two  silk  fibres  fOTm  what  is  termed  the  Mglar  suspensbn,  whicli 
has  now  superseded  the  ungle  fibre  and  magnets  of  the  original 
iostnuneuts.  Id  the  earlier  forma  a  magnetic  adjustment  similar 
to  that  in  the  mirror  golTanometer  was  employed  to  bring  the 
needle  to  zero,  but  the  bifilar  suspennon  has  been  found  to  secure 
this  result  in  a  much  more  advantageous  waj.  The  pins  are 
piToted  in  blocks  carried  b;  springs,  to  allow  them  to  be  shifted 
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hori^ntelly  when  adjustiiig  the  pos&tioD  of  the  points  of  8ib»-> 
pension.    The  ends  of  the  screws  which  traverse  these  blocks  rest 
against  the  fixed  plate  behind,  so  that,  when  either  is  turned  in 
the  direction  of  the  hands  of  a  watch,  the  neighbouring  point  of 
suspension  is  brought  forward,  and  conversely.    The  needle  may 
thus  be  brought  to  lie  in  such  a  position  that  the  quadrants  are 
symmetrically  placed  about  it.     Finally,  by  turning  the  conical 
pin  (which  passes  between  the  two  springs  and  screws  into  the 
plate  behind)  to  the  right  or  left,  the  points  of  suspension  are 
made  to  recede  from  or  approach  each  other,  and  thus  the  sensi- 
tiveness of  the  needle  is  decreased  or  increased,  within  certain 
limits,  at  pleasure.    Just  below  the  cross-piece  is  fixed  the  mirror, 
which,  like  the  galvanometer,  reflects  the  movements  of  the  needle 
upon  a  scale  placed  at  a  certain  distance  in  front  of  it.    The  needle 
itself  is  electrically  connected  with  sulphuric  acid  in  the  bottom 
of  the  jar  by  means  of  a  fine  platinum  wire  hanging  from  its 
lower  side,  and  kept  stretched  by  a  platinum  or  leaden  weight 
below  the  surface  of  the  liquid.    It  will  thus  be  seen  that  the 
charge  of  the  jar  is  communicated  to  the  needle,  and  the  higher 
the  charge  the  more  sensitive  the  needle  becomes.     The  acid 
serves  a  double  purpose ;  it  keeps  the  air  dry  within  the  jar,  and 
forms  also  the  interior  coating  of  the  same.    As  the  wire  which 
dips  into  the  acid  passes  through  a  guard  tube,  any  lateral  devia- 
tion of  the  needle  and  its  appendages  is  prevented,  and  liability  to 
accident  thereby  much  reduced,  while  at  the  same  time  the  whole 
reflecting  system  has  perfect  freedom  of  motion  round  a  vertical 
axis.     Lateral  and  micrometric  movements  of  the  quadrants  are 
both  used  for  varying  the  adjustment  of  the  instrument,  and  in 
some  of  the  latest  forms  an  induction  plate  has  been  added,  which 
permits  the  inatrument  to  be  used  for  a  greater  range  of  measure- 
ment. 

(289)  Tlioinson's  Syphon  Secorder. — This  instrument  was 
invented  by  Sir  William  Thomson  for  working  long  submarine 
cables,  and  it  is  now  used  upon  nearly  every  ocean  cable.  It 
possesses  great  delicacy,  and  has  met  with  deserved  success. 
The  syphon  recorder  is  so  arranged  as  to  actually  depict  on 
paper  the  apparently  irregular  movements  of  the  galvanometer 
needle.  A  fine  glass  syphon  tube, «,  conducts  the  ink  from  a  reser- 
voir, nij  to  a  strip  of  paper,  which  is  drawn  past  the  point  of  the 
tube  t  with  a  uniform  motion.  The  point  moves  to  the  right  or 
left  of  the  zero  line  through  distances  proportional  at  each  instant 
to  the  strength  of  the  current,  and  thus  the  signals  are  drawn  on 
the  paper  in  the  form  of  curves,  representing  the  strength  of  the 
eurrent  at  eft-ch  inst«int  oi  lime.    Tcife  ^Y^^t^tvia  consists  of  a  very 
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light  rectangular  coil,  b  h,  of  exceedingly  fine  insulated  wire,  sus- 
pended l)etween  the  poles  of  a  large  and  powerful  electro-magnet, 


N  s,  charged  by  a  local  battery  of  large  size.  Within  the  core  is  a  sta- 
tionary soft-iron  core,  which  is  powerfully  magnetised  by  induction 
from  the  large  electro-magnet.  The  coil  swings  upon  a  vertical  axis, 
consisting  of  a  fine  wire  whose  tension  is  adjustable.  The  received 
current  passes  from  the  line  L  through  the  suspended  coil,  b  b,  the 
suspension  wire,  /,  acting  as  the  conductor ;  the  coil  is  impelled 
across  the  magnetic  field  in  one  direction  or  the  other,  according 
to  the  polarity  and  strength  of  the  current  passing  through  it.  The 
magnetic  field  in  this  arrangement  la  very  intense  and  very  uniform, 
which  makes  the  apparatus  sensitive  to  the  weakest  currents.  The 
syphon  consists  of  a  fine  glass  tube  turning  upon  a  vertical  axis ;  the 
shorter  end  is  immersed  in  a  reservoir  of  ink,  m,  and  the  longer  end 
rests  upon  the  recording  paper.  The  syphon  is  pressed  backward 
and  forward  in  one  direction  by  a  thread.  A;,  attached  to  the 
swinging  coil,  and  in  the  other  by  means  of  a  retracting  spring,  ff. 
The  paper  is  caused  to  move  at  a  imiform  rate  by  means  of  geanng 
driven  by.  a  small  electromotor. 
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Tfe  adjoimng^  BgmsB  (436)  ■  an  exact  eopj  of  Ae  writing  of 


In  woridng'^VTj  loog'ealikstihe  action  of  tiiecimeiit  npon  the 

awnging  eoil  is  xerj  fiseUe,  uid  the 

^  fiietikn  of  the  ajphcn  against  the  paper 

\  stzip,  if  allowed  to  come  in  actual  con> 

/^  ^i  taet  widi  itf  would  intei&re  with  the 

\  .^-^  fireedom  of  its  morementB.    In  such 

^-  -^  '-^■...,  cases  the  point  of  the  ajphon  does  not 

,--^         aetnallT  touch  the  paper;  Miction  is 

/>  araded.    The  ink  uid  tl»e  paper  are 

oppoatdj  electrified  hj  means  of  an 

^  dectrifying   machine,  driyen  hy  the 

'"'?  same  electromotor  which  moyes  the 

y  ^uper.    The  electrical  repnlrion  causes 

C*'  the  ink  to  he  ejected  fiom  the  syphon 

.^  upon  tiie  paper  in  a  succession  of  fine 

'".>  dotSb    IK  is  the  electrifying  machine, 

which  keeps  the  ink  constantly  charged 

.-'^  with  ekctdcity,  and,  being  thereby 

I       ^    repeDent  of  its  own  particles,  caoses  a 

J        J    constant  stream  of  ink  to  be  spurted 

'"-•>..     M    oat  upon  the  paper  as  it  passes  in  front 

r.;]*'    !S    of  the  open  end,  ^ 

...-'    8  Pig.  437  shows  how  two  such  re- 

corders are  joined  up  for  working  the 
one  at  the  sending  station — say,  Va- 
^■>  lentia — and  the  other  at  the  recording 

/  .  station — say,  Newfoundland.    The  key 

'>  -A  ' '    -.         is  worked  like  that  of  a  single-needle 

i.  (■  instrument   (231).      When  the  right 

.."'  '^  ...-^         key  is  depressed  it  charges  the  home 

I  "^  side  of  the  condenser  with  positive 

C'  electricity,  which  sends  a  positive  cur- 

X.   ^  rent  to  the  receiving  station.     When 

.'^  ,.-'^  the  left  key  is  depressed  the  reverse 

"••^  takes  place.     A  small  portion  of  the 

>  u,  y  current  in  each  case  passes  through 

':  N^  the  home  apparatus,  so  as  to  record 

..-'  "^  f--"  what  is  sent.    Condensers  are  used 

■)  "'\  at  each  end  to  prevent  any  disturb- 

^  ance    from    earth    currents — a    plan 

that  was  invented  by  Mr.  Cromwell  Varley. 

(290)    Detection  of   Taulta  In  a.  aubmartne  Cable. — 
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{Fleemmg  Jenkin,  Cantor  Lectures.) — Faults  in  cables  may  arise : 
I.  From  a  fracture  or  interruption  in  the  copper  conductor^  which 

,(H|Hl|l|l|lh„ 


to 


nevertheless  remains  insulated  inside  the  gutta-percha  coveriog* 
2.  From  a  fracture  of  the  copper  conductor  and  gutta-percha,  in 
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which  a  considerable  length  of  copper  wire  remains  exposed  to  the 
water.  3.  From  the  copper  wire  and  gutta-percha  being  both 
broken,  but  little  copper  exposed.  4.  From  the  establishment  of 
a  connection  between  the  iron  covering  and  the  copper  core  by  a 
nail  or  wire  driven  in.  5.  From  a  hole  in  the  gutta-percha  sheath 
establishing  a  connection  between  the  conductor  and  the  sea. 

The  position  of  the  first  of  these  faults,  which  is  of  course 
followed  by  a  total  cessation  of  all  communication  between  the 
two  ends  of  the  cable,  may  be  detected  in  two  ways.  The  charge 
which  the  cable  will  contain  is  first  measured  (282),  and  if  the 
charge  per  knot  is  known,  the  amount  actually  observed  will 
directly  give  the  distance  of  the  break ;  and  the  accuracy  with 
which  the  position  of  the  fault  can  be  determined  is  limited  only 
by  the  accuracy  with  which  the  relative  charges  can  be  compared. 
Suppose,  for  example,  the  discharge  from  a  knot  of  the  cable, 
with  a  given  battery  and  reflecting  galvanometer,  is  represented 
by  a  deflection  of  10  divisions,  and  a  discharge  from  a  cable  con- 
taining a  broken  copper  conductor  is  100  divisions,  we  may  feel 
certain  that  the  fault  is  about  10  miles  from  the  shore.  Or,  secondly, 
the  resistance  of  the  insulating  sheath  may  be  measured.  Thus, 
if  we  know  by  the  discharge  test  that  the  cable  is  insulated 
where  broken,  and  find  the  insulation  resistance  to  be  1,000  units, 
whereas  the  insulation  resistance  of  one  knot  is  1,000,000  units, 
we  may  conclude  that  the  fault  is  1,000  miles  off^,  as  it  will  re- 
quire 1,000  miles  of  sound  core  to  give  so  small  a  resistance  as 
1,000  units. 

A  fault  of  the  second  kind  likewise  wholly  stops  communication 
between  the  two  ends  of  the  cable.  In  this  case  the  resistance  of 
the  copper  conductor  measured  from  the  shore  measures  the  dis- 
tance of  the  fault.  We  know  the  resistance  per  knot,  and  if  we 
observe  500  times  the  resistance,  the  fault  is  500  miles  ofi^,  the 
resistance  of  the  earth  itself  being  nU. 

The  third  class  of  fault  is  where  the  connection  between  the 
sea  and  the  copper  exists,  but  is  imperfect,  or  due  to  only  a  small 
area  of  exposed  copper.  It  possesses  considerable  resistance, 
sometimes  more  than  that  of  all  the  copper  conductor  of  the 
cable ;  and  what  is  worse,  this  resistance  is  inconstant,  varying 
rapidly  and  capriciously  between  extremely  wide  limits.  The 
test  for  resistance  in  that  case  simply  tells  us  that  the  fault  cannot 
be  beyond  the  distance  corresponding  to  the  smallest  resistance 
observed. 

ThQ  fourth  kind  of  fault  corresponds  almost  exactly  in  behaviour 
to  the  second,  but  the  connection  with  the  sea  is  still  more  perfect 
The  resistance  wiH  vary  8\i\\\.\ft?>^\  «iiA\^ict^''?r>ii\yi^tcital  absence 


TBSTINO  FOB  FAULTS.  543 

of  the  feeble  currents  which  result  from  the  copper  and  iron  of  a 
cable  when  broken  and  separated  by  salt  water. 

Tii&Jifth  kind  of  fault  is  easily  detected.  There  is  a  considerable 
fSdl  in  the  insulation  resistance,  and  a  slij^ht  or  moderate  fall  in 
the  apparent  resistance  of  the  copper  conductor  between  the  two 
stations ;  but  messages  can  still  be  transmitted,  as  a  portion  only 
of  the  whole  current  inversely  proportional  to  the  resistance  of  the 
£ai]lt  escapes  into  the  sea.  If  one  station  insulates  the  cable,  and 
the  other  measures  the  resistance,  the  fault  behaves  like  a  fault  of 
the  third  class,  and  this  test  will  not  detect  its  position.  K,  how- 
ever, one  resistance  of  the  fault  remain  constant,  and  two  measure- 
ments of  resistance,  R  and  r,be  made  from  station  A,  when  station 
B  respectively  insulates  the  end  of  the  cable  and  connects  it  with 
the  earth,  we  obtain  two  equations,  concerning  the  resistances  in 
which  there  is  only  one  imknown  quantity — viz.  the  resistance 
of  the  fault.  When  this  is  eliminated,  the  following  equation  is 
obtained : — 


D=.r--v/(R-r)(L~r) 

where  D  =*  the  resistance  of  the  conductor  between  the  fault  and 
the  observer,  and  L « the  resistance  of  the  whole  conductor  be- 
tween the  stations.  Successive  tests  from  the  two  stations,  the 
distant  end  being  insulated  in  each  case,  will  also  give  two  equa- 
tions, by  which,  on  the  same  supposition  that  the  resistance  of  the 
fault  remains  constant,  its  position  can  be  determined.  Then 
calling  R  and  Rj  the  resistance  in  the  two  cases,  we  have — 

P^L4-(R-R0 

2 

When  D  is  the  resistance  of  the  conductor  between  the  station 
which  observed  the  resistance  R  and  the  fault,  and  when  a  return 
insulated  wire  can  be  substituted  for  the  earth,  so  that  the  observer 
has  both  ends  of  a  complete  metallic  circuit  before  him,  the  position 
of  a  fault  such  as  is  described,  even  of  a  varying  resistance,  can  be 
accurately  determined.  Varley  uses  a  differential  galvanometer 
to  ascertain  when  an  equal  current  rims  into  both  ends  of  the 
metallic  circuit  and  out  at  the  fault.  This  will  only  be  the  case 
when  the  resistance  between  the  galvanometer  and  the  fault  is  the 
same  by  both  roads.  This  condition  is  easily  fulfilled  by  adding 
resistance  coils  between  one  coil  of  the  galvanometer  and  the 
defective  vnre.  The  resistance  which  must  thus  be  added,  to  bring 
the  galvanometer  to  zero,  is  obviously  equal  to  twice  the  resistance 
of  the  metallic  conductor  between  the  fault  and  the  distant  station. 
Wheatstone's  balance  (no)  may  be  so  arranged  as  to  give  another 
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method,  by  making  the  comiections  as  in  Fig.  438,  where  the 
fault,  supposed  to  be  at  o,  forms,  as  it  weie^  part  of  the  galyaiio- 
meter  wire.  In  this  case,  as  in  the  preceding,  a  yariation  in  the 
resistance  of  the  fault  does  not  affect  the  r^nilt ;  it  will  cause  a 
greater  or  less  deflection  of  the  galvanometer  until  tiie  desired 

Fig.  438. 


balance  is  effected ;  but  it  will  not  alter  the  relative  tesiBtance  of 
the  several  parts  of  the  main  circuit  required  to  reduce  the  deflec- 
tions to  zero. 

The  test  is  made  hj  adjusting  the  relative  resistances  of  A  and 
B  until  no  deflection  is  obtained ;  then  the  fault  will  be  at  a  point 

such  that  ^^«,  where  0  and  D  represent  the  resistance  of  the 

conductor  separating  m  from  the  fault  and  n  from  the  fault. 
When  the  total  resistance  of  the  conductor  is  known,  this  will 
j^ive  the  positions  of  the  fault  very  accurately. 

Mr.  John  Murray,  of  Glasgow,  is  said  {F.  Jenkin)  to  have 
tirst  applied  this  test  on  board  the  Niagara,  during  the  first  Atlantic 
expedition.  It  was  re-invented  by  F.  Jenkin,  and  may  be  used  to 
detect  very  small  faults,  even  on  short  lengths. 

Another  plan  of  determining  the  position  of  a  fault  of  this 
nature,  is  the  joint  invention  of  Sir  William  Thomson  and  Mr. 

Tig.  439. 


Fleeming  Jenkin   (Cantor  Lectures).      The  connections  required 
are  shown  in  Fig.  439,  wVi^x^  Oi  \a  «*  ^-a.Vswioxnfttar ;  s  an  electro- 
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meter  at  the  same  station ;  s,  an  electrometer  at  a  distant  station, 
where  the  end  of  the  sahmerged  cahle,  a  b,  is  insulated.  The 
lattery  c  s  is  connected  with  the  other  end  of  the  cable.  Then 
let  c  « the  current  oheerved  at  the  galvanometer ;  y  -  the  potential 
at  the  distant  station  ;  b  —  the  length  of  the  cable  ;  x  «=  the 
resistance  of  the  unit  lengths  of  the  conductor ;  n  » the  resistance 
of  the  unit  length  of  insulator  to  conduction  across  the  sheath ;  and 
let 


y:- 


All  these  quantities  maj  be  known,  and  should  be  measured  in  the 
so-called  absolute  units,  or  other  equally  coherent  system.  Let 
X  be  the  distance  of  the  &ult  from  the  ship  or  galvanometer  station: 
then — 


when 
and 


^-~^<«-r 


F-V  +  ^c-Ut"' 


D-Uf'^^'+lc-V. 


Undoubtedly  this  test  is  not  of  so  simple  a  nature  that  it  could  be 
executed  by  a  clerk,  but  it  is  interesting  to  know  that  a  test  does 
exist  by  which  even  a  fault  of  this  description,  which  has  hitherto 
baffled  electricians,  can  have  its  positions  fixed  with  mathematical 
certainty.  This  is  the  more  important,  as  the  connections  shown 
in  the  figure  are  precisely  those  which  are  the  best  adapted  for 
test  during  the  submersion  of  a  cable.  The  marine  galvanometer 
e  would  give  one  test  of  insulation,  the  electrometer  s  a  second 
one,  the  electrometer  s^  a  third  test  on  shore.  The  shore  would 
speak  to  the  ship  without  causing  a  suspension  of  the  insulation 
test,  either  on  s  or  g  ;  and  even  when  the  ship  speaks  to  the  shore, 
the  electrometer  s  will  maintain  the  insulation  test,  as  it  is  not 
affected,  like  the  galvanometer,  by  the  rush  of  the  current  in  and 
out  of  the  cable,  as  it  is  partly  discharged  or  additionally  charged 
by  the  withdrawal  or  addition  of  part  of  the  battery  power.  The 
electrometers  have,  on  the  same  grounds,  a  superiority  over  the 
galvanometers  in  their  behaviour  under  the  influence  of  earth-cur- 
rents or  the  rolling  of  the  ship. 

(291)  Anotber  Matbod  of  Testinr  Vanlts. — This  is  a 
adopted  in  1867  by  Mr.  Lumsden,  and  used  with  much  sv 
was,  however,  first  tried  at  Aden  in  1862  by  Mr.  J.  C.  I 
the  results  obtained  by  Mr.  Lumsden  were  arrived  at  quite  1 
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eotly.  This  method  of  testing  for  the  distance  of  a  break  in  a 
submarine  cable  is  based  on  the  following  facts : — 

When  a  submarine  cable  is  broken,  the  end  of  the  copper  con- 
dactoris  generally  exposed  in  the  sea  water.  Under  these  drcum- 
stances,  if  a  positive  current  is  sent  into  tbe  wire,  the  exposed  end 
becomes  gradually  coated  with  salts  of  copper,  from  the  reduction  of 
the  metal,  and  a  polarisation  current  is  set  up  in  the  reverse  direc- 
tion, opposing  the  testing  current.  If  a  negative  current  is  now 
sent  into  the  wire,  it  will  gradually  reduce  the  copper  salts,  and 
the  end  will  become  coated  with  soda,  while  hydrogen  is  evolved — 
the  polarisation  current  being  reverse.  But  no  hydrogen  will  be 
evolved,  and  therefore  no  negative  polar  current  will  be  set  up,  until 
the  instant  when  the  whole  of  the  copper  salt  has  been  reduced. 
'  At  this  instant  the  polarisation  currents  must  be  neularal,  and  if  a 
test  could  be  taken  quickly  enough,  it  would  give  the  true  resist- 
ance of  the  wire  to  the  &ult ;  but  the  change  is  so  sudden,  and  the 
increase  in  resistance  due  to  the  opposing  polarisation  current  from 
the  hydrogen  becomes  at  once  so  great,  that  this  in  the  ordinary 
way  is  impossible.  Mr.  Lumsden,  therefore,  conceived  the  idea  of 
m£^ng  the  appearance  of  the  negative  polarisation  current  itself 
give  the  indication  by  which  the  true  resbtance  could  be  obtained 
with  a  differential  galvanometer,  as  follows : — 

After  cleaning  the  end,  so  as  to  obtain  as  large  a  surface  as 
possible  exposed  to  the  sea  water — by  keeping  a  strong  negative 
current  on  the  wire  for  some  hours,  with  occasional  copper  rever- 
sals— 

1.  Coat  the  exposed  end  with  copper  salts,  by  keeping  a  posi- 
tive current  on  the  wire  from  one  to  two  minutes. 

2.  Reverse  the  batteries,  so  as  to  test  with  a  negative  current, 
ai:d  alter  the  resistance  of  the  coils,  so  as  to  bring  the  needle  to 
zero.  As  the  (  +  )  polarisation  current  from  the  copper  salt  will  be 
in  toe  same  direction  as  the  ( —  )  testing  current  in  that  half  of  the 
galvanometer  connected  to  the  cable,  the  effect  will  be  to  make  the 
resistance  of  the  cable  appear  less  than  it  should  be ;  but  as  the 
copper  salt  becomes  gradually  reduced  by  the  (  —  )  testing  current, 
the  (  + )  polarisation  current  will  also  gradually  decrease,  and  the 
apparent  resistance  will  increase.  The  resistance  in  the  coils  must 
therefore  be  gradually  increased  unit  by  unit,  so  as  to  keep  the  needle 
at  zei'o  until  that  point  is  reached  when  the  whole  of  the  copper  salts 
have  been  reduced  and  hydrogen  is  evolved,  the  (— )  polarisation 
current  from  which,  opposing  the  (  — )  testing  current,  causes  a 
sudden  and  enormous  increose  in  the  resistance,  which  is  shown 
instantaneously  by  the  svdden  deflection  of  the  needle.  The  resist- 
ance in  the  coils  at  1^1ai%  momwi^.  VtJ1\»  \\ift  \x>aft  "tftaaatance  of  the 
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wire  to  the  fault,  the  resifitance  of  the  end  being  altogether  elimi- 
nated. 

The  battery-contact  key  should  be  depressed  during  the  entire 
test,  which  should  be  taken  with,  say,  60  cells,  for  if  a  very  small 
power  be  used  the  sudden  deflection  of  the  needle  is  not  so  marked ; 
but  if  the  exposed  end  is  very  short  60  cells  (  —  )  may  reduce  the 
copper  too  rajddly,  so  that  there  is  no  time  to  adjust  the  resistance 
coilB.  The  proper  amount  of  battery  power  may  be  easily  asceiv 
tained  from  one  or  two  trials.  As  a  guide  to  give  an  idea  of  what 
the  true  resistance  is : — after  coating  the  end  with  copper  salts  from 
a  (  +  )  current,  reyerse  the  batteries  and  take  an  immediate  reading 
with  the  (— )  current.  This  will  be  less  than  the  true  resistance. 
Then,  keejnng  the  battery  contact  made,  take  a  reading  after  the 
copper  has  been  reduced  (or  take  the  maximum  resistance  with  a 
(  —  )  current).  This  will  be  higher  than  the  true  resistance.  The 
real  redstance  lies  somewhere  between  these  two* 


548  DUPLEX  TELMRAFST. 


CHAPTER   XTX. 
ELECTRIC  TELEGRAPHY  {eorUinued). 

DX7PLXZ  AITD  QITADBTTFLKX  ISLWBAFH7. 

Duplex:  Historical— Duplex  Priodple— Diffnentul  Method— Bridge 
Method — Key  Arrangement — ^Uso  of  Condenser.  Qnadraplex:  HiS' 
torical — Edison's  System — Gerritt  Smith's  Belay — ^Pole  Reverser. 

(292)  The  Biaples  Systom. — The  possilnlity  of  transmittiog 
two  messages  in  opposite  directioxis  at  the  same  time  on  the  same 
wire  was  proved  as  early  as  1853  by  Dr.  Qintly  director  of  the 
Austrian  States  Telegraphs,  and  subsequently  by  Frischen,  Siemens 
and  Halske,  Preece,  and  others.  At  that  early  date  telegraphy 
had  not  be€K)me  developed  to  such  an  extent  but  (ihat  the  ordinary 
methods  of  single  transmission  were  found  to  be  amply  sufficient  to 
carry  on  all  the  work  that  had  to  pass  over  the  lines  then  erected ; 
the  invention  of  *  duplex*  telegraphy,  as  the  method  is  now  termed, 
was  therefore  looked  upon  as  a  mere  scientific  curiosity. 

Between  the  years  1868  and  1872  Mr.  J.  B.  Steams,  of  Boston, 
America,  turned  his  attention  to  the  subject,  in  consequence  of  the 
increase  in  the  work  which  passed  over  the  lines  of  the  American 
telegraph  companies,  necessitating  increased  means  of  conununica- 
tion.  The  result  was  that  duplex  telegraphy  was  roused  from 
the  oblivion  into  which  it  had  fallen  and  was  introduced  with 
great  success. 

The  English  and  other  European  telegraphic  administrations 
were  not  slow  to  follow  the  example  set,  and  at  present  the  value  of 
the  invention  is  abundantly  recognised ;  indeed,  the  ever-increasing 
work  of  telegraphic  business  is  enabled  to  be  efficiently  carried  on 
by  its  means  vnth  a  far  smaller  number  of  wires  than  would  be 
the  case  if  the  ordinary  method  of  single  transmission  only  were 
available. 

In  order  to  understand  the  principle  of  the  duplex  system,  the 
popular  notion  that  the  signals  transmitted  at  each  end  of  the  wire 
actually  cross  one  another,  and  are  received  at  the  further  ends  with- 
out producing  interference,  must  be  cast  aside ;  no  such  supposition 
ia  necessary  to  explain,  01  ^o«b  ekX^X^Mi^xJcL^Y^^"^"^^^^^^^^^     tele* 
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ftraphj.  It  18  no  more  possible  to  transmit  two  distinct  currents  of 
electricity  in  opposite  or  the  same  directions  through  a  wire,  than 
it  is  possible  to  send  two  distinct  streams  of  water  through  a  pipe 
in  opposite  or  the  same  directions.  Indeed,  as  will  be  seen,  the 
principle  of  the  duplex  system  depends  upon  the  fact  that  when 
two  currents  of  opposite  signs  are  opposed  to  one  another,  they 
produce  a  neutral  effect. 

Like  all  other  systems,  the  duplex  method  of  transmission  has 
been  effected  in  yarious  ways,  and  has  been  applied  to  various  kinds 
of  apparatus.  As  most  of  these  are  in  but  very  limited  use,  two 
only,  which  are  now  very  generally  employed  by  all  telegraph 
administrations  throughout  the  world,  will  be  described — viz.  the 
'differential'  and  the  'bridge '  duplex  systems,  applied  to  the  Morse 
instrument. 

Fig.  44a 


Fig.  440  shows  the  former  of  these  methods — viz.  the  '  diffeiv 
ential  *  method — ^which  is,  in  fisujt,  the  one  originally  invented  by 
Frischen. 

Xj  and  H3  are  the  electro-magnets  of  the. receiving  instnmients 
at  the  stations  a  and  b.  These  electro-magnets  are  each  wound 
with  two  wires  of  equal  length  and  diameter,  and  consequently  of 
equal  resistance. 

An  electro-magnet  so  wound  can  be  excited  and  caused  to 
work  the  instrament  of  which  it  forms  a  part  if — 

1.  Currents  pass  through  either  of  the  coils  in  either  direction. 

2.  Currents  pass  through  each  coil  in  the  same  direction,  the 
strength  of  the  current  in  one  coil  being  either  equal  or  unequal  to 
t^t  hi  the  other. 
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3.  Cairenta  ptss  tluoogh  each  eoil  in  opposite  directions,  the 
cniTtent  in  one  ceil  being  giefttier  than  that  in  the  other. 

If^  howeyer,  cmientB  pass  through  each  coil  in  opposite  direc- 
tionsy.  the  durent  in  one  eoil  being  eqoal  to  that  in  the  other,  then 
no  effect  will  be  produced. 

In  what  way  can  these  conditions  be  applied  so  as  to  effect 
duplex  transmission  ? 

Suppose  the  key  k,  at  station  a  to  be  depressed,  then  a  current 
will  flow  from  the  battery  X|,  a  portion  going  though  one  coil  of  Xj, 
and  through  a  resistance  B|,  to  earth ;  the  other  portion  of  the 
current  wiU  go  through  the  other  ooil  of  x^  and  out  to  line.  As  the 
connections  are  so  made  on  to  x^  that  the  currents  through  the 
coals  flow  in  oppr^ite  directions,  and  as  B|  is  adjusted  so  that  these 
cuirents  are  equal,  the  electro-magnet  x^  is  unafiected. 

The  portion  of  current  flowing  out  to  line  passes  through  that 
coil  of  X,  to  which  the  line  is  connected,  and  thence  goes  to  earth 
through  the  back  stop  of  the  key  K, ;  x,  being  then  under  the 
condition  specified  in  i,  consequently  responds. 

If  B  wero  the  transmitting  station,  then  it  is  evident  that  Xj 
would  respond,  but  not  x^ 

Xow  suppose  that  both  keys  are  depressed ;  in  this  case,  as  the 
two  similar  poles  of  the  batteries  aro  connected  to  one  another,  no 
currents  can  pass  through  either  of  those  coils  of  the  electro-magnets 
which  are  connected  to  the  line ;  currents,  however,  flow  through 
each  of  the  other  coils,  and  both  instruments  consequently  respond. 

There  is  still  another  condition  of  the  keys  to  consider,  and  that 
is,  when  one  key  being:  down  the  second  commences  to  be  depressed 
and  leaves  its  hack  stop  without  touching  the  front  stop.  In  this 
case,  at  the  station  where  the  second  key  is  placed,  the  current, 
instead  of  passing  to  earth  through  one  coil  of  the  instrument, 
passes  through  both  coils  and  gets  to  earth  through  the  balancing 
resistance ;  but,  as  it  passes  through  the  coils  in  the  same  direction, 
the  condition  of  affairs  is  that  stated  in  2.  The  instrument,  there- 
fore, still  remains  affected. 

At  the  other  station  the  current  flowing  through  the  coil  of  the 
electro-magnet  connected  to  the  line  becomes  reduced  in  strength, 
in  consequence  of  its  having  to  pass  through  a  greater  resistance 
than  was  the  case  at  first.  The  condition  of  affairs  in  this  case 
is  that  stated  in  3;  consequently  the  instrument  at  this  station 
commences  to  respond ;  when  the  key  has  become  quite  depressed, 
we  ^et  the  condition  that  has  been  before  discussed. 

It  will  easily  be  understood  that  an  essential  element  of 
success  in  the  system  lies  in  the  adjustment  of  the  resistances  Bj 
flfld  B3  J  it  is  necesaaxy  \\\a\.  \Via  ^k.^yjaXjcaeoX.  ^<sk\>k^  \si^  wish  that 
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the  currents  passiDg  through  the  two  coils  of  the  electro-magnet 
at  one  station,  when  that  station  alone  is  transmitting,  are  equaL 
A^  the  resistance  of  the  line  is  subject  to  continual  alteration  &om 
climatic  influences,  the  resistances  B^  and  B,  are  made  adjustable,  so 
that  balance  can  always  be  preserved. 

In  the  figure  and  description  it  has  been  assumed  that  the 
batteries  Ej  and  E,  are  so  arranged  that  when  the  two  keys  are 
depressed  similar  poles  are  connected  together,  and  no  current 
passes  out  to  line.  This  arrangement  of  the  batteries  is  not, 
however,  essential  to  the  working  of  the  system,  as  it  will  work 
equally  well  with  one  of  the  batteries  reversed,  so  that  when  the 
two  keys  are  depressed  the  opposite  poles  of  the  batteries  be- 
come connected.  In  this  case,  instead  of  there  being  at  each 
station  a  current  passing  through  one  coil  of  the  magnet  only, 
there  will  be  an  equivalent  efiect  produced,  by  twice  as  much 
current  passing  through  one 
coil  as  through  the  other ;  ^**^-  ^*- 

the  working  of  the  appa-  ^  ^"* 

ratus  will  therefore  be  ex- 
actly the  same  in  the  two 
eases. 

The '  bridge '  duplex  sys- 
tem is  shown  by  Fig.  441, 
one  station,  a,  only  being 
represented. 

In  thi  s  arrangement  the 
instruments  do  not  require 
to  be  double-wound,  a  ba- 
lance being  obtained  by  the 
adjustment  of  three  resist- 
ances, r/,  r"j  and  Bj.  To 
obtain  this  balance  the  relative  values  of  these  resistances  must  be 
such  that 

L  being  the  remstance  of  the  line  plus  the  resistances  at  the  further 
station,  B.    A  like  proportion  is  also  given  to  the  resistances  at  b. 

Practically,  in  order  to  allow  for  variations  in  the  resistance  of 
the  line  from  climatic  changes,  it  is  sufficient  to  adjust  the  resist- 
ance Bj  and  the  corresponding  resistance  at  station  B,  the  other 
branch  resistances  remaining  unaltered. 

It  is  unnecessary  to  consider  the  way  in  which  the  movements 
of  the  keys  control  the  currents  in  the  foregoing  arrangement,  as  it 
)b  substantially  the  same  as  in  the  difierential  method. 
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In  describing  the  differential  duplex  it  was  pointed  out  that  if 
key  K3  was  down,  Kj  heing  up,  then  the  course  of  the  current  was 
such  as  to  work  Vj,  and  that  if  k^  was  then  depressed,  sufficiently 
only  to  disconnect  it  from  its  back  stop  without  making  contact 
with  its  front  stop,  the  course  of  the  currents  would  still  be  such 
as  to  keep  x^  affected.  The  effect  on  the  magnet  in  the  two  cases 
is,  however,  unequal,  and  this  tends  to  make  the  signals  received 
on  the  instruments  somewhat  irregular,  though,  as  a  rule,  not 
sufficiently  so  as  to  interfere  with  the  working.  In  order  to 
remedy  this  defect  the  transmitting  keys  are  sometimes  so  arranged 
that  contact  is  not  broken  from  one  stop  until  contact  is  made 
with  the  other  stop.     Such  a  device  is  shown  by  Fig.  442.    In 

this  arrangement  /  is  a  short  lever,  which 
Fig.  442.  normally  rests  on  a  contact  connected  to  earth 

and  one  pole  of  the  battery.  The  lever  of 
I  the  key  itself  is  connected  to  the  second  pole  of 

I'— J    the  battery.    On  depressing  k^  it  first  makes 
.  contact  against  the  lever  /,  and  then  disconnects 

the  latter   from  the  stop   against  which  it 
normallv  rests. 

A  defect  in  the  duplex  systems  described, 
of  a  much  more  serious  nature  than  that  due 
to  the  key,  was  found  to  exist  when  they  came 
to  be  tried  on  long  lin^s.  This  was  due  to  the 
fact  that  when  the  key  at  either  station  was  depressed,  the  current 
flowing  through  the  line  induced  a  static  charge  in  the  latter  ;  and 
this  charge,  when  the  key  was  allowed  to  fall  back,  disdiarged 
itself  through  the  instrument  and  produced  a  false  signal.  On  short 
lines  this  discharge  was  not  sufficiently  great  to  interfere  with  the 
Fig  working  of  the  apparatus,  but  when  the  lengths  of  the 

circuits  were  as  great  as  three  or  four  hundred  miles  it 
was  found  impossible  to  ignore  the  existence  of  the  dis- 
charge. This  serious  practical  difficulty  was  not  over- 
^  come  till  the  year  1872,  when  Mr.  Steams  added  a 
%^  condenser  to  the  balancing  resistance  and  effectually 
solved  the  problem.  The  principle  upon  which  the  con- 
denser acts  is  simply  that  of  assimilating  the  balancing 
resistance,  or  *  artificial  line,*  as  it  is  usually  termed,  to 
the  line,  by  making  it  possess  both  the  elements  of  re- 
sistance and  capacity  for  holding  a  charge.  The  way 
in  which  the  condenser  c  is  connected  with  the  artificial  line  Bj 
is  shown  by  Fig.  443. 

(293)  The  Quadruplex  System. — '  Quadruplex  *  is  the  term 
applied  to  the  system,  oi  ^jele^a^Vv-y  ^^WcVi  ^mWaa  four  distinct 
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messages,  two  in  one  direction  and  two  in  the  other,  to  be  trans- 
mitted at  the  same  time  through  one  wire. 

The  problem  to  be  solved,  in  order  to  enable  this  result  to  be 
efiected,  is  the  transmission  of  two  messages  in  the  same  direction 
at  the  same  time  through  one  wire ;  this  being  accomplished,  it 
can  be  proved  that  the  application  of  the  duplex  principle  to  such 
an  arrangement  presents  no  difficulty  whatever. 

The  first  attempt  to  solve  the  problem  was  made  by  Stark,  of 
Vienna,  in  1855.  ^^®  principle  of  his  system  was  that  of  causing 
one  transmitting  key  to  send  a  current  of  a  certain  strength,  which 
worked  one  relay;  the  second  key  transmitted  a  current  of  a 
greater  strength,  which  worked  a  second  relay,  but  which  did  not 
a£fect  the  first,  whilst  when  both  keys  were  depressed  a  current 
equal  ia  strength  to  the  sum  of  the  two  currents  sent  by  each  key 
caused  both  relays  to  respond. 

Now  it  is  evidently  an  easy  matter  to  adjust  a  relay  so  that 
it  shall  be  worked  by  a  strong  current  and  not  by  a  weak  one ;  it 
is  not,  however,  so  easy  to  cause  a  relay  to  be  afiected  by  a  weak 
current  and  not  by  a  strong  one.  Yet  this  is  what  had  to  be 
effected  in  order  to  solve  the  problem  by  Stark's  theory. 

Stark  attempted  to  do  this  by  causing  the  relay  which  was 
worked  by  the  strong  current  to  transmit  a  counterbalancing 
current  from  a  local  battery  through  the  relay  which  was  worked 
by  the  weak  current,  and  so  counteract  the  effect  of  the  strong 
current.  This  device,  however,  was  defective,  inasmuch  as  the 
counterbalancing  current  did  not  conmience  to  circulate  through 
the  coils  of  the  relay  in  question  until  the  tongue  of  the  relay 
worked  by  the  strong  current  had  passed  from  the  stop  against 
which  it  usually  rested  to  the  other  stop,  and  during  this  time  the 
tongue  of  the  other  relay  would  have  made  a  similar  excursion, 
and  have  produced  a  signal  before  the  counteracting  current  came 
into  play. 

Subsequently  to  1853  other  attempts  to  effect  the  object  in 
view  were  made  by  Siemens,  Kramer,  Bosscha,  and  others,  with, 
however,  but  very  little  success,  and  it  was  not  till  1874  that  any 
really  practical  results  were  obtained.  During  that  year  a  system 
devised  by  Mr.  Edison  was  successfully  operated  upon  the  lines  of 
the  Western  Union  Telegraph  Company  in  America,  and  from 
that  date  '  quadruplex '  telegraphy  became  an  accomplished  fact. 

The  principle  of  Mr.  Edison's  method  is  as  follows : — 

One  of  the  keys  at  the  transmitting  station  is  so  arranged  and 
connected  to  a  battery,  that  it  transmits  alternate  negative  and 
positive  currents  on  being  alternately  depressed  and  raised.  The 
second  key,  on  being  depressed,  increases  the  power  of  the  battery 
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connected  to  the  first  key,  so  that  both  the  positiye  and  negative 
currents  transmitted  by  the  latter  are  increased  in  strength. 

At  the  receiving  station  two  relays  are  placed — one  of  the 
Siemens  polarised  form,  whose  tongue  moves  to  and  fro  and 
works  the  instrument  connected  to  it,  when  its  coils  are  traversed 
by  either  weak  or  strong  alternate  negative  and  positive  currents. 
The  second  relay  is  an  ordinary  soft-iron  one,  unpolarised,  and 
whose  armature  is  attracted  and  works  the  instrument  connected 
to  it,  if  its  coils  are  traversed  by  either  positive  or  negative  cur- 
rents, but  which  is  so  adjusted  as  to  be  only  affected  by  strong 
currents.  By  this  arrangement  the  movements  of  the  first  key 
work  the  polarised  relay  whether  the  second  key  is  depressed  or 
not,  whereas  the  unpolarised  relay  only  responds  wben  the  positive 
and  negative  currents  transmitted  through  its  coils  by  the  first  key 

are  strengthened  by  the  depression  of  the 
second  key.  Fig.  444  shows  the  arrange- 
ment of  the  relays  and  the  connections  of 
the  local  batteries  with  the  instruments. 

m'  is  the  polarised  Siemens  relay,  and 
8^  the  instrument  (a  sounder)  worked  by 
means  of  the  local  battery  e^, 

"Mf'  is  the  unpolarised  relay  which  works 
the  instrument  S3  by  means  of  the  local 
battery  e^  It  will  be  observed  that  s,  iS 
not  worked  direct  from  m",  but  that  an 
intermediate  instrument  Sg,  itself  worked 
by  a  local  battery  e^j  is  introduced.  The 
working  of  the  arrangement,  in  fact,  is  as 
follows : — 

When  the  armature  of  m''  is  attracted, 
it  breaks  the  circuit  of  the  local  battery  e^  and  the  instrument  83 , 
consequently  the  armature  of  the  latter,  which  is  normally  held 
down,  rises  and  completes  the  circuit  of  Cg  ^^^  ^v  "^^^  latter 
instrument,  therefore,  responds. 

The  object  of  this  arrangement  is  to  avoid  a  difficulty  which 
would  otherwise  cause  certain  of  the  received  signals  to  *  split.* 
"When  the  current  which  is  traversing  m",  and  holding  its  arma- 
ture down,  is  suddenly  reversed  by  the  depression  or  raising  of  the 
key  which  sends  reversed  currents,  this  armature  will  cease  to  be 
attracted  at  the  instant  that  the  reversal  occurs,  and  therefore  will 
fall  back  for  a  moment  against  the  stop  on  which  it  normally  rests. 
If,  then,  the  instrument  S3  were  worked  direct  from  the  contact  stop 
against  which  the  armature  is  attracted,  it  is  evident  that  it  would 
respond  to  this  movement  oi  t\ift  wraa&tva^  N?\isvi\\.Sa.\sftt  re<\uired 
to  do  BO,  and  would  cause  ieXae  sv«m\b  \o  \»  ss^n's^.  ^1  ^'5»^^«s.'^ 
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the  deyice  described,  however,  although  the  armature  of  il*'  moves 
back  against  its  back  stop  for  a  moment,  it  must  reach  the  latter, 
and  remain  there  sufficiently  long  to  allow  the  circuit  of  s,  to  be 
completed,  before  83  can  be  caused  to  work.  This  back  movement 
is,  however,  too  rapid  to  allow  the  completion  of  the  circuit  to  take 
place,  and  therefore  s,  is  not  affected. 

Although  the  unpolarised  relay  m'^  is  found  to  work  fairly  well 
on  short  lines,  its  action  becomes  uncertain  and  sluggish  on  lines 
of  a  greater  length.  Mr.  Gerritt  Smith,  assistant  electrician  of  the 
Western  Union  Telegraph  Company  at  New  York,  has  effectually 
overcome  these  defects  by  the  iavention  of  the 
ingenious  form  of  relay  shown  by  Fig.  445. 

This  relay  is  essentially  of  the  same  form 
as  H^  (Fig.  444),  but  instead  of  the  tongue 
playing  between  two  fixed  stops  it  normally 
touches  two  small  levers,  /j,  Z^,  which  are  in 
the  circuit  of  the  instrument  s,  (Fig.  444). 
These  two  levers  are  held  against  stops,  in  the 
position  shown,  by  springs,  «j,  b^,  so  that  normally,  as  with  the 
unpolarised  form  of  relay,  the  circuit  of  s,  is  kept  closed.  When, 
however,  a  strong  current  of,  say,  positive  polarity  traverses 
the  coils  of  the  relay,  then  the  tongue  moves  to  one  side  and 
overcomes  the  antagonistic  force  of  the  spring  attached  to  the 
lever  on  that  side,  and  by  moving  the  latter  breaks  the  circuit  of 
S3.  If  now  the  current  is  reversed  the  tongue  of  the  relay  moves 
over  to  the  other  side  and  actuates  the  second  lever ;  the  circuit 
of  83  therefore  continues  broken.  It  is  true  that  ia  moving  from 
one  side  to  the  other  the  tongue  passes  the  point  at  which  it 
touches  both  levers,  but  the  interval  during  which  it  does  so  is  so 
extremely  brief  that  no  appreciable  effect  is  produced  on  the 
instrument  s,. 

The  springs  «j  and  «<2  are  of  course  tightened  up  to  such  an 
extent  as  to  prevent  the  tongue  of  the  relay  moving  with  weak 
currents. 

In  actual  practice  the  transmitting  keys  do  not  directly  regulate 
the  transmitted  currents,  as  it  is  found  that  if  they  are  caused  to  do 
so  irregular  contacts  are  made,  unless  the  '  keying '  is  very  firmly 
done.  The  current-reversing  arrangement,  or  '  pole  changer,'  as  it 
is  called,  and  the  current  increaser,  are  therefore  worked  by  the 
armatures  of  electro-magnets,  which  are  themselves  worked  by  the 
transmitting  keys  with  local  batteries. 

The  current  transmitters  and  the  relays  at  each  station  are 
arranged  vrith  resistance  coils  and  condensers  in  a  similar  manner 
to  the  relay  and  key  in  the  bridge  duplex,  shown  by  Fig.  441. 
The  whole  apparatus  so  arranged  forms  the  Quadruplex. 
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Several  modifications  of  the  apparatus  have  been  devised  from 
time  to  time,  but  they  are  all  based  upon  the  principles  involved  in 
the  system  which  has  been  described.  Systems  have  fldso  been 
invented  for  transmitting  a  greater  number  of  messages  than  four 
at  the  same  time  on  the  same  wire,  but  as  yet  the  success  obtained 
has  not  been  such  as  to  justify  the  invention  being  considered  of 
practical  value. 


CHAPTER  XX. 
ELECTRIC  TELEGRAPHY  {corUinfied). 

THE  TELSPHOITE  AITD  HICBOPHOKE. 

Transmission  of  Musical  Sounds — Reiss's  Apparatus — ^Wright's  Receiver^ 
Varley's  Receiver — Gray's  Telephone — Bell's  Speaking  Telephone — 
Edison's  Carbon  Telephone — Hughes's  Microphone. 

(294)  Tbe  Telepbone. — The  transmission  of  musical  sounds 
through  a  telegraph  wire  by  electrical  means  appears  to  have  been 
first  effected  by  Keiss,  of  Friedrichsdorf,  in  Germany,  in  1861. 
His  apparatus  compris^i  a  transmitter  and  a  receiver.  The  trans- 
mitter was  a  square  wooden  box  with  two  round  holes  in  it,  one 
on  the  top  and  the  other  in  front.  The  hole  at  the  top  was  closed 
by  a  thin  and  tightly  stretched  membrane.  In  the  hole  in  the 
front  of  the  box  was  fixed  a  large  speaking-tube  mDuthpiece.  Any 
sounds  produced  or  uttered  at  tbe  latter  would  set  the  air  in  the 
box  in  vibration,  and  these  vibrations  would  be  communicated  to 
the  membrane,  which  would  also  vibrate.  A  small  piece  of  plati- 
num, cemented  to  the  centre  of  the  membrane,  was  connected  to  a 
terminal  fixed  on  the  box.  Resting,  by  its  own  weight,  on  the 
piece  of  platinum  was  a  platinum  point  connected  with  a  second 
terminal  fixed  on  the  box.  With  this  arrangement,  every  time 
the  membrane  vibrated  the  platinum  point  was  jerked  off  the 
platinum  piece  on  which  it  rested,  and  thereby  broke  contact  be- 
tween the  two.  As  the  number  of  vibrations  made  by  the  mem- 
brane in  a  second  varied  with  the  pitch  of  the  note  sounded  near 
the  mouthpiece,  so  did  the  number  of  cessations  of  contact  between 
the  platinums  vary.  The  receiver  for  this  apparatus  was  formed 
of  an  iron  rod,  whose  ends  were  fixed  on  wooden  supports  attached 
to  a  sounding  board  ;  a  coil  of  wire  surrounded  this  rod  without 
touching  it.  When  a  current  was  sent  through  the  coil,  the  rod, 
being  thereby  magnetised,  \>ftca.isift  ^\^W^  \<Kft%Wi^TiaA.,^ajlQ\Lthe 
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cessation  of  tbe  canent  this  ekmgBtkm  eesaed.  Tliu  Tibratorj 
moYement  of  the  rod  caiued  a  '  tid^'  called  the  '  magnetic  tick ; ' 
and  if  hj  making  and  breaking  contact  with  great  rapidity  theee 
vibrations  were  caused  to  succeed  one  another  at  Tery  short  inter- 
vals of  time,  then  a  musical  note,  or  continuous  sound,  was  pro- 
duced, the  pitch  of  the  note  Tarying  with  the  rate  of  the  yibration. 
By  joining  up  this  sounding  arrangement  in  circuit  with  a  battery 
and  the  transmitter  first  explained,  the  pitch  of  any  note  sounded 
at  the  mouthpiece  was  produced  in  the  receiver. 

A  more  effective  form  of  recdver  than  that  described  has  been 
employed  by  Dr.  Wright.  This  ccmsists  of  a  condenser,  formed  of 
two  sheets  of  paper,  silvered  on  one  side  only,  and  laid  together  so 
that  the  unsilvered  ndes  are  together.  Each  sheet  is  connected  to 
one  end  of  the  secondary  wire  of  an  induction  coil,  the  primary 
wire  of  which  is  in  circuit  with  a  battery  and  the  Keiss  trans- 
mitter. Every  make  and  break  in  the  primary  circuit  caused  by  the 
vibration  of  the  membrane  produces  a  charge  and  discharge  in  the 
condenser,  each  being  accompanied  by  a  sharp  snap  of  considerable 
loudness.  Mr.  0.  F.  Yarley  has  employed  a  similar  receiver,  viz. 
a  condenser  formed  of  sheets  of  tin-foil,  separated  by  insulating 
sheets  of  paper  and  laid  loosely  together. 

Sounds  vary  in  pitch,  mtemityy  and  quality.  The  pitch  depends 
upon  the  number  of  vibrations  that  occur  in  a  given  time ;  the  in- 
tensity depends  upon  the  amplitude  or  length  of  those  vibrations, 
and  the  quality  is  determined  by  the  form  of  the  vibrations. 

In  Beiss's  telephone  tiie  pitch  of  a  sound  only  can  be  reproduced ; 
intensity  and  quality,  unless  indeed  they  do  not  vary,  must  be  absent. 

In  1874  Mr.  I^isha  Gray,  of  Chicago,  America,  succeeded  in 
effecting  the  transmission,  through  a  wire,  by  means  of  electricity, 
of  the  variable  intensity,  as  well  as  the  pitch,  of  a  sound.  Subse- 
quently he  invented  a  form  of  telephone  by  which  all  the  three 
diaracteristics  of  sound  could  be  transmitted.  As  a  result,  the 
electrical  transmission  of  articulate  speech  became  an  accomplished 
fact.  It  remained,  however,  for  Professor  Graham  Bell,  of  the 
Boston  University,  to  accomplish  this  latter  feat  in  the  most  effec- 
tive manner. 

In  order  to  understand  the  principle  of  Professor  Bell's  inven- 
tion, let  us  suppose  a  flexible  iron  plate  to  be  fixed  at  one  end,  and 
let  tiiere  be  placed  near  the  other  end,  and  close  to  the  surface  of 
the  plate,  the  poles  of  an  electro-magnet ;  by  causing  then  inter* 
mittont  currents  to  succeed  one  m  '^^Tular  rate  through 

the  coils  of  the  electro-magnet,  t  ~  ^brate 

in  unison  with  these  currents,  h  » at^ 

txaetiooB  and  cessationa  of  att*  of 
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the  electromagnet,  and  a  sound  will  be  produced.  If  the  pulses 
of  current  be  caused  to  follow  one  another  at  different  rates,  but  at 
the  same  time  be  preserved  of  equal  strength,  then,  although  the 
pitch  of  the  note  will  be  varied,  its  intensity  and  quality  will  re- 
main unaltered.  K,  however,  the  strength  of  the  current  be  varied, 
then  the  amplitude  of  the  vibrations  will  be  varied,  and  with  it 
the  intensity  of  the  sound  given  out  by  the  plate.  Lastly,  if 
during  the  time  any  particular  vibration  is  bdng  made  by  the 
plate  the  intendty  of  the  current  be  varied,  but  varied  in  such  a 
manner  that  the  lime  occupied  by  the  vibration  remains  unaltered, 
then  the  form  of  the  vibration  will  depend  upon  the  way  in  which 
this  variation  takes  place,  and  upon  the  form  which  the  vibration 
takes  will  depend  the  quality  of  the  sound  given  out  by  the  plate. 

By  varying,  then,  the  currents  so  as  to  cause  the  plate  to  be 
vibrated  in  any  particular  manner,  the  three  characteristics  of 
sound  can  be  reproduced.  Inasmuch,  however,  as  the  movements 
of  an  iron,  or  indeed  of  any  plate,  cannot  be  perfectly  controlled 
by  the  currents,  the  relative,  and  not  the  exact,  form  of  the  pulses 
of  current  will  be  imparted  to  the  plate;  in  other  words,  the 
material  and  form  of  the  plate  will,  to  a  certain  extent,  determine 
the  quality  of  the  sound  given  out,  but  will  not  extinguish  the 
quality  due  to  the  form  of  the  pulses  of  current. 

Now,  the  movement  of  an  armature  in  front  of  the  poles  of  an 
electro-magnet,  through  whose  coils  a  constant  current  from  a 
battery  flows,  induces  magneto  currents  in  the  coils.  If  the  ar- 
mature be  moved  rapidly  backwards  and  forwards  from  and  to  the 
poles,  then  a  proportionately  rapid  succession  of  currents  will  be 
induced  on  the  coils.  If  the  movement  of  the  armature  be  small, 
then  each  vibration  will  induce  a  weak  pulse  of  current ;  if  the 
amplitude  of  the  vibration  be  greater,  then  the  strength  of  the 
pulse  of  current  will  be  proportionately  greater.  Lastly,  if  the 
movements  of  the  armature  be  regular  or  irregular,  then  the  form 
of  the  current  pulses  will  be  proportionately  regular  or  irregular. 

Imagine,  then,  a  small  iron  armature  attached  to  a  tightly 
stretched  membrane,  and  suppose  the  poles  of  an  electro-magnet 
to  be  in  close  proximity  to  the  armature,  and  let  the  electro-magnet 
be  in  circuit  with  a  battery  and  the  vibrating  plate  arrangement 
just  described  ;  then  it  is  evident  that,  inasmuch  as  the  magneto 
currents  given  out  by  the  electro-magnet  will  be  in  exact  accord- 
ance with  the  vibrations  of  the  membrane  and  the  armature  at- 
tached to  it,  and  also  since  the  movements  of  the  iron  plate 
previously  referred  to  will  be  in  exact  accordance  with  the  currents 
passing  through  the  electro-magnet  to  whose  poles  it  is  near,  there- 
fore sounds  produced  near  tVie  membioa^)  qM  setting  the  latter  in 
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ibration,  v/ill  indace  currents  in  the  electro-magnet  near  it,  and 
hese  currents,  in  passing  through  the  electro-magnet  near  whose 
>oles  is  placed  the  iron  plate,  will  cause  the  latter  to  vibrate  in 
)xact  unison  with  the  membrane,  and  thereby  to  reproduce  the 
iound  uttered  near  the  latter  both  in  pitch,  intensity,  and  quality. 

The  first  speaking  telephone  of  Professor  Bell  was  constructed 
3n  the  foregoing  principles.  In  the  course  of  his  experiments, 
however,  it  was  found  that  the  larger  the  armature  on  the  mem- 
brane, the  better  were  the  results ;  and  finally  it  was  discovered 
that  the  best  efiects  of  all  were  obtained  when  the  membrane  was 
altogether  dispensed  with  and  a  sheet  of  iron  substituted  in  its 
place.  It  was  also  seen  that  the  function  of  the  battery  in  the 
apparatus  was  simply  to  produce  magnetism  in  the  cores  of  the 
electro-magnet,  and  that  consequently  the  substitution  of  perma- 
i^ently  magnetised  cores  would  enable  the  battery  to  be  done  away 
with ;  and,  further,  it  was  found  that  both  the  transmitting  and 
receiving  portions  of  the  apparatus  might  be  made  alike. 

Fig.  446  shows  in  elevation  and  section  the  form  which  the  in* 

Fig.  446. 


iPi 

III 


P^^P^^*^^ 


"*' 


strument  finally  assumed,  and  which  has  been  found  to  answer  ad- 
mirably in  practice. 

The  instrument  outwardly  somewhat  resembles  the  mouthpiece 
of  a  speaking  tube.  ^  is  a  diaphragm  formed  of  thin  sheet  iron  (a 
*  ferrotype  *  plate  is  found  to  answer  well  for  this  purpose).  The 
centre  of  the  surface  of  this  plate  is  in  close  proximity  to  the  pole 
of  a  permanent  steel  magnet,  a  a.  A  small  bobbin,  c  c,  of  silk- 
covered  copper  wire  of  about  No.  38  B.  W.G.  surrounds  the  pole  of 
the  magnet,  the  ends  of  the  wire  being  led  up  to  the  terminals//. 

The  articulation  of  the  telephone,  although  rather  faint  and 
possessing  a  kind  of  metallic  ring,  is  very  clear,  and  conversation 
can  be  carried  on  with  great  facility  by  using  the  instrument  in 
the  same  way  as  a  speaking  tube. 


j60  TRK  TILIPBOKX. 

It  is  uaatl  to  emploj  &  pair  of  telepIioiieH  Bit  each  end  of  the 
line,  BO  that  one  can  be  placed  to  each  ear  when  reeeiruig  a  com- 
munication. 

A  telephone  transmitter  baaed  npon  a  novel  principle  has  been 
indented  %  Mr.  Edieon.  This  gentleman  made  the  diacoTeiT'  that 
properly  prepared  carbon  poSBagaed  the  remarkalde  property  of 
altoing  it&  electrical  reaetaoce  in  a  regular  ratio,  according  jl«  the 
amount  of  pressure  to  which  it  was  subjected,  and  that  a  very 
alight  pressure  was  required  to  make  this  change  very  eenuble. 

Acting  on  this  printuple,  Mr.  Edison  constructed  the  telephone 
transmitter  shown  bj  Fig.  447.  k  is  a  disc  of  the  prepared  carbon; 
p^  this  is  placed  between  two  platinum  platca, 

n  and  e,  which  are  connected  in  circuit  iritlk 
a  batterjr  and  a  Bell  telephone.  A  small  piece 
of  rubber,  n,  ia  attached  to  tbe  centre  of  a  me- 
'  tallic  diaphragm,  a  A,  and  presses  gently 
against  an  irorj  jnece,  0,  which  is  placed 
directly  on  the  uppermost  of  the  platinum. 
plates.  On  speaking  near  the  diaphragm,  tlie 
latter  vibraiea,  and  the  vibrations  ao  produced, 
by  eierctaing  varying  pressures  on  the  carbon 
diac,  cause  corresponding  vanationa  m  its  re- 
Hiatance,  and  consequent  corresponding  van- 
t  flowiDg  from  the  hatt«ry  these  yariations 
of  current,  by  acting  on  the  diaphragm  of  the  Bell  telephone  re- 
ceivBr,  reproduce  the  soundi  uttered  The  best  effect  with  the 
carbon  tel  phone  is  obtained  when  the  disc  of  carbon  and  the 
battery  are  m  circuit  with  the  pnmarv  wire  of  a  small  induction 
coil,  tiie  secondary  wire  being  connected  t«  the  line. 

(295)  Tbe  Mloropbone. — In  the  telephonic  transmitter  of 
Edison,  as  has  been  seen,  the  vibrating  movements  of  a  diaphragm. 
Biart  varying  pressures  on  a  conducting  substance,  and  thereby  vary 
itB  resistance.  Professor  Hugliea  since  made  the  discovery  that 
sonorous  vibrations  might  be  caused  directly  to  vary  tbe  resistance 
of  various  substances  nithout  the  employment  of  a  diaphragm,  and 
that  this  could  be  done  in  the  most  simple  manner.  Thus  if  a 
small  glaS6  tube  is  filled  with  a  metallic  powder,  the  ends  being 
stopped  with  corks,  through  which  conducting  wires  are  passed 
for  a  short  distance,  then  oit  including  this  tube  in  the  circuit  of  a 
Bell  telephone  and  a  small  battery,  sounds  uttered  near  tbe  tube 
are  reproduced  with  aurpriaing  cloaniesa  in  the  telephone.  If  the 
tube  be  filled  with  small  pieces  of  wood  carbon  whose  pores  are 
impregnated  with  mercury,  the  effect  is  still  better  ;  the  slightest 
toucb  on  tbe  glasB  tiibe  is  b«ai&  ^^jiicU^  cia  Uu  t«la^hane.    A 
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Fig.44«. 


portion  of  chain  included  in  the  drcnit  in  the  place  of  the  glaae 
tube  tranamitter  was  also  found  to  be  actirelj  Benatire  to  any 
sound  uttered  near  it. 

The  most  efiectiye  form  of  transmitter,  or  microphone,  as  it  is 
called,  demised  hy  Professor  Hughes  is  shown  bj  fig.  448.  It 
consists  of  a  small  rod  of 
willow  carbon,  A,  about  i^ 
inch  long,  impregnated  with 
mercury  by  healing  it  red 
hot  and  plunging  it  in  a 
bath  of  mercury ;  this  rod 
turns  on  a  small  axle,  c, 
and  the  end  rests  on  a  small  block,  b,  also  of  the  prepared  carbon. 
The  whole  is  mounted  on  a  piece  of  wooden  board,  D  D.  Wires 
are  connected  to  b,  and  to  a  through  the  medium  of  the  bearing  c. 
A  small  spring,  «,  adjustable  with  a  finger-screw,  t,  is  sometimes 
added  for  the  purpose  of  enabling  the  pressure  between  the  two 
pieces  of  carbon  to  be  varied. 

This  apparatus,  when  included  in  the  circuit  of  a  Bell  telephone 
and  battery  as  with  the  other  forms  of  transmitters,  is  extra- 
ordinarily sensitive ;  the  slightest  touch  on  the  wooden  board  d  d 
is  heard  most  distinctly  on  the  telephone,  whilst  the  walk  of  an 
insect  across  the  board  is  no  less  evident.  Singing  or  speaking 
near  the  apparatus  is  beard  very  distinctly 
on  the  telephone,  the  articulation  being 
very  dear. 

Another  effective  form  of  microphone 
is  shown  by  Fig.  449.  It  consists  of  two 
small  blocks  of  gas  carbon,  a  and  b,  fixed 
to  a  vertical  wooden  support,  f  f,  which 
if!  supported  on  a  base,  d  d.  Resting 
in  hollows  in  a  and  b  is  a  lozenge-shaped 
piece  of  carbon,  0.  Wires  are  connected 
to  A  and  B,  which  are  in  circuit  with  the 
telephone  and  battery,  as  with  the  other  forms  of  transmitters. 

Other  forms  of  the  microphone  have  been  devised,  but  none  of 
them  differ  essentially  from  those  described. 

The  cause  of  the  phenomena  in  all  cases  is,  no  doubt,  due  to  a 
variation  in  the  resistance  offered  to  the  passage  of  the  current  at 
the  point  of  contact  of  the  pieces  of  carbon,  this  variation  being 
caused  by  the  vibratory  movements  imparted  to  the  carbon. 

Professor  Hughes  has  also  discovered  that  the  microphone  may 
be  used  as  a  receiving  as  well  as  a  transmitting  instrument.  The 
receiving  instrument  is  simply  the  form  of  microphone  shown  by 
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Fig.  449. 
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Fig.  448,  mounted  on  a  small  drom-head  or  resonating  disc,  made  of 
a  tin  cylinder  closed  at  the  top  by  a  tightly  stretched  membrane. 
With  this  receivery  employing  a  battery  of  about  six  Daniell  cells, 
the  ticking  of  a  watch  placed  on  the  stand  of  the  microphonic 
transmitter  may  be  distinctly  heard.  Articulate  speech  may  even 
be  heard,  though  imperfectly. 


CETAPTER  XXI. 
THE   ELECTRIC   UGHT. 


Electric  Lamps — Serrin*s — Siemens's — ^RApiefTs — R^gnier's — ^Wallace*? — 
Way's — Jablochkoff's  Candle,  Lamp»  and  Automatic  Shunt — Subdivision 
of  the  Light. 

The  electric  arc  produced  by  a  powerful  current  between  two 
carbon  points,  after  they  have  been  brought  into  contact  and  then 
separated,  has  been  described  in  {  130.  The  dazzling  brilliancy  of 
the  light,  first  investigated  by  Davy  with  2,000  ceUs  early  in  the 
century,  has  long  le^  philosophers  and  engineers  to  endeavour  to 
utilise  it  for  purposes  of  illumination.  Foucault*s  ingenious  at- 
tempt to  compensate  the  unequal  burning  of  the  carbon  points,  as 
constructed  by  Duboscq,  has  been  described  (131),  and  has  remained 
the  principle  of  nearly  every  lamp  that  has  been  introduced  since 
bis  day.  Some  mechanical  arrangement  is  employed  as  a  self- 
actiujr  regulator  for  retaining  the  carbons  at  the  proper  distance 
iipart  to  maintain  the  arc,  and  to  bring  them  together  automatically 
wlien  the  arc  is  broken.  Of  the  numerous  lamps  constructed  on 
this  idea,  Serrin  s  is,  perhaps,  the  best  known  and  the  most  used. 
It  Is  shown  by  Fig.  450.  The  light  itself  is  a  fixed  point,  and  is 
made  so  by  two  distinct  though  connected  mechanisms.  The 
iipjyer  carbon  is  attached  to  a  rod  t  which  slides  within  the 
tube  B.  This  rod  has  on  its  lower  extremity  a  rack  which  gears 
into  a  toothed  wheel  0,  and  propels  it  by  its  weight  in  falling. 
The  lower  carbon  is  fixed  into  a  rod  c  that  slides  within  the  tube  B. 
A  chain  is  fixed  to  the  lower  extremity  of  this  tube  at  F,  which, 
passing  over  a  pulley/,  is  attached  to  the  toothed  wheel  0  in  such  a 
way  that  as  the  rod  t  falls  the  rod  c  is  raised  just  half  the  distance. 
Thus,  as  the  two  carbons  bum  away  unequally,  they  are  constantly 
approaching  at  the  same  rate,  and  therefore  the  arc  remains  at 
the  same  point.  The  current  that  maintains  the  arc  passes  through 
the  electro-magnet  a,  which  attracts  the  armature  d.     If  from  any 
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tAuse  the  ftro  goes  a 


LAMPS 

t  and  the  current  ceases,  the  ft 

pulied  back  bj  the  iuitago 
nistic  spring  k,  and  in 
doing  80  it  lifts  up  the 
rod  c   by   meaue   of  the 

brings  the  two  caibons  in 
contact.  The  cum 
thus  restored,  the  arc  re- 
establiahed,  and  the  light 
renewed, 

Siemens'slampiB 
what    similar.     The    ap 
proacb   of  the  carbong  1 
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effected  in  a  similar  way,  but  they  are  kept  apart  not  by  the  pull 
of  the  electro-magnet,  but  by  a  step-by-step  action  of  the  arma- 
ture of  the  electro-magnet.  When  the  current  first  passes  through 
the  circuity  the  armature  A  is  attracted,  which  shortHdrcuits  Ihe 
electro-magnet  at  c.  It  is  then  withdrawn,  and  again  attracted 
by  the  completion  of  the  circuit.  Thus  a  step-by-step  motion  is 
given  to  the  armature,  which,  by  the  click  «,  propels  a  train  of 
wheel-work  v,  forcing  the  carbons  apart  until  the  current  is  suf- 
ficiently weakened,  so  as  no  longer  to  attract  the  annature  when 
the  light  bums  steadily.  Thus  by  the  combined  action  of  the 
weight  of  the  top  carbon  in  drawing  the  carbons  together,  and  of 
the  current  in  separating  them  when  they  approach  too  closely, 
a  proper  arc  is  automatically  obtuned. 

Rapieff's  Lamp, — ^The  principle  of  this  ingenious  arrangement 
is  shown  by  Fig.  452  : — 

Two  sets  of  carbons  a,  c  and  a^,  c,,  which  are  set  obliquely, 
meet  with  one  another  at  their  ends,  as  shown.    These  carbons  are 

Fig.  452. 


supported  by  and  move  longitudinally  in  tubes  or  slides  «?,  d^,  d^,  d^, 
fixed  to  the  standards  a  and  b.  Springs  or  weights  connected  to 
the  pulleys  r,  r^,  rg,  i\  tend  to  press  forward  the  carbons  through 
the  medium  of  cords  attached  to  their  ends  a,  «i,  a^y  «s,  so  that  the 
ends  a,  c  and  Oj,  Cj  always  remain  in  contact,  however  much  they 
may  be  wasted  by  burning.  Moreover,  the  locality  of  these  points 
of  contact  always  remains  the  same,  and  thus  the  distance  between 
a,  c  and  Oj,  Cj  is  always  preserved  constant. 

By  means  of  joints  in  the  standards  a  and  B  the  angle  at  which 


tlie  csrboDB  are  inclined  to  one  uiotber  csd  be  altered  if  a 
tary .  The  diitance  between  the  two  sets  of  points  can  be  ti 
hy  sliding  one  of  the 
stands  fbrwaids  or  back- 
In  cases  where  subdi- 
vimon  of  light  is  required, 
and  several  lamps  have  to 
be  put  in  one  and  the  same 
citeuit,  it  is  absolutelj 
ueeeewty  that  some  ar- 
RtDgement  be  provided 
which  will  prevent  the  in- 
terruptioQ  of  tiie  circuit 
should  one  of  the  lamps 
Jail  and  cause  a  diseomiec- 
tion.  In  order  to  effect 
this  object,  M.  Bapieff  pro- 
vides two  paths  for  the 
enrrent  to  flow  through  at 
each  lamp,  one  through  the 
caiboD  points,  and  the  other 
through  a  circuit  which 
u  interrupted  the  moment 
the  current  flows  between 
the  carbon  points,  but 
which  is  completed  again 
sbculd  the  current  fail  be- 


453). — In  tiis  the  lower 
carbon  is  replaced  by  the 
disc  B,  which  slowly  ro- 
tates as  it8  edge  is  con- 
sumed, while  the  upper 
carbon  0  &Ils  bj  the  weight 
of  the  rod  p.  An  elastic 
contsct-jHece  I  presses 
against  the  eaibon  rod. 
The  disc  X  is  fixed  to  a  1 
lever  centred  at  o,  which 
has  a  tweak  b  upon  it 
checking  the  rotation  of 
the  wbed  A,  and  thus  regulating  the  descent  of  the  ic 
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The  WaBaot  Lan^. — Tbis  is  (Oe  of  the  latMt  novelties.  Ii>- 
Btead  of  ciiTboD  pencils,  a  carbon  plate  A  is  superposed  above 
viotlker  B,  the  two  bein^  sepante^  vben  the  arc  is  slig-ht,  by 
about  one  qtiarter  of  an  inch  through  the  attraction  of  the  electio- 


majrnet  c.  As  the  ore  bums  away  the  carbon,  it  moves  along 
the  plate  from  one  end  t«  the  other,  and  tiien  back  again.  B;  this 
means  a  veiy  continuous  light  ia  obtained,  one,  indeed,  that  ia  said 
to  burn  for  loo  hours.  When  tie  light  goes  out,  the  armature  falla, 
the  carbon  plates  aro  brought  into  contact,  the  current  is  restored 
again,  the  plates  separated,  and  the  arc  relit.  Though  the  light  is 
not  steady,  it  is  at  least  permanent,  and  it  has  thus  eolved  one 
diificultj  in  electric  lighting, 

Wa^t  Lamp. — Tbis  lamp  was  invenled  in  1S56.  The  carbons 
were  replaced  bj  a  fine  stream  of  mercury  issuing  from  a  small 
funnel  and  received  in  an  iron  capsule  also  contMning  mercury. 

The  two  polee  of  the  electric  generator  were  put  into  communi- 
cation, one  with  the  funnel,  the  other  with  the  capsule,  and  there 
was  produced  between  the  successiTe  globules  of  the  discontinuoua 
vein  a  series  of  voltaic  arcs,  and  thus  a  regular  lighting  focus  was 
obtmued.  The  luminous  liquid  vein  was  placed  in  a  glass  chimney 
of  limited  diameter,  so  that  this  might  become  heated,  and  thus  the 
tondeusatioQ  of  the  meicvmeA  \s.^\>i  ii'^oa  ^'oetndsib^ta  prevented, 
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and,  as  the  combustion  was  carried  on  out  of  contact  with  oxygen, 
the  mercury  was  not  oxidised. 

Mr.  Way  modified  this  first  arrangement,  and  ob- 
tained a  better  light  by  employing  (i)  two  outflow 
electrodes  instead  of  one,  so  that  currents  of  mer- 
cury, each  connected  with  one  of  the  poles  of  the 
battery,  falling  from  the  two  jets,  are  carried  away 
by  a  pipe ;  (2)  by  making  and  breaking  the  electric 
circuit  very  rapidly  by  means  of  a  small  motor, 
worked  by  the  battery  and  actuating  a  mercurial 
pump. 

In  spite  of  all  precautions  the  apparatus  allowed 
of  the  escape  of  very  dangerous  mercurial  vapours, 
which  finally  killed  the  inventor.  The  light  produced 
by  this  means  was  never  very  intense,  and  attained 
only  a  third  of  that  given  by  the  same  electric  current 
between  two  carbon  points. 

The  JMochkcff  Candled — M.  Jablochkoff  has  the 
merit  of  having  dispensed  with  all  machinery  in  regu- 
lating the  distance  between  the  carbon  points.  He 
places  the  two  carbons  side  by  side,  but  separated 
from  each  other  by  kaolin  or  plaster  of  Paris.  The 
current  used  is  alternating,  and  it  thus  causes  the  two 
carbons  to  bum  at  an  equal  pace.  The  heat  of  the 
arc  fuses  and  volatilises  the  insulating  substance,  and 
it  bums  like  the  wick  of  a  candle ;  hence  its  name. 
It  is  very  extensively  used  in  Paris,  and  is  about  to 
be  employed  in  London. 

The  electric  candle  of  M.  Jablochkoff"  is  repre- 
sented in  Fig.  455,  the  upper  sketch  being  an  eleva- 
tion and  the  small  sketch  below  it  a  cross  section. 
It  consists  of  two  cylindrical  pencils  of  compressed 
carbon,  8 '865  inches  (225  millimetres)  long  and 
0*157  inch  (4  millimetres)  in  diameter ;  these  pencils 
are  placed  side  by  side  about  3  millimetres  (o'liS 
inch)  apart,  and  are  connected  together  mechanically, 
but  insulated  electrically  by  a  layer  of  a  substance 
which  is  insulating  at  ordinary  temperatures,  but 
which  fuses  with  incandescence  and  becomes  a  con- 
ductor at  the  temperature  of  the  electric  arc.  In 
his  earlier  experiments  both  glass  and  kaolin  were 

1  We  are  indebted  to  that  excellent  scientific  periodical 
^Engineering  for  the  description  and  illustrations  of  the 
Jablochkoff  light. 
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uMd  br  M.  JaUockkoS^  Imt  ibts  anbatance  employed  in  lus  ^stem 
ai  ibe  pw«ii1  mcaaait  u  plaster  of  Paiin.  This  Babstance  girsB  to 
tbeU^bi  asli^htlTpinldahhiie,  and.  cwtaes  it  to  be  more  stead;  than 
0)^  kaailic.  whicb  imp«its  a  bluish  tinge  to  the  arc.  The  lower 
end  of  thr  jail  of  carbtms  or  '  candle '  so  formed  ia  embedded 
in  a  mast^  of  compoeiuon  for  inking  to  it  eoUdity,  and  a  little 
metallic  pl*te,  for  m»Hny  electrical  contact  with  its  holder  or 
■  candk-stick,*  is  attached  to  each  pencil,  thei«  being  one  on 
each  ode  of  the  candle.  In  order  to  establiah  the  lig-ht,  one  of 
the  pendls  a  placed  in  metallic  connexion  with  one  pole  of  the 
dymmo  macfakte,  and  the  other  pencil  with  tha  other  pole,  and 
when  the  ait  if  oooe  estaUished  at  the  top  of  the  candle  it  will 
continue  to  be  produced  as  long  as  the  rD»chine  is  at  work  and 
until  the  candle  u  consumed.  In  the  earlier  Btage  of  the  inven- 
tion, wheneier  the  light  had  to  be  atjtrted,  it  was  necesaBry  to 
hold  B  small  piece  of  carbon  tea  an  instant  agsinst  the  top  of  the 
candle,  so  as  to  cunnecl  the  two  carbon  'wicks.'  This  little  fra{^ 
menl  of  ctubon  instantlv  became  incandeacent  under  the  influence 
of  the  electric  current,  and  the  arc  waa  at  once  established. 

The  next  step  in  advance  rendered  this  attendance  unnecessarj 
br  the  attachment  to  the  top  of  each  candle,  b;  means  of  a  little 
band  of  aeheatoe  paper,  of  a  small  stick  of  carbon 
rW-  15S.  but  one  millimetre  in  diameter.  With  this  con- 
trivance it  was  only  necesaarv  to  start  the  dynamo- 
eleotric  machines,  and  all  the  candles  in  the  cii^ 
cuil  were  simultaneously  ifrniled,  without  requiring 
any  attendance  for  that  purpose.  The  substance 
used  for  this  purpose  under  the  present  system  is 
a  mixture  composed  of  powdered  plumlmgo  and 
gum,  and  a  little  piece  of  this  compound  ia  at- 
tached to  the  top  of  each  candle  in  the  process  ot 
manufacture.  It  is  shown  at  a,  Fig.  456,  which 
represents  the  upper  end  of  one  of  the  candles, 
c  D  beins-  the  carbon  pencils  and  b  the  insulating 
material  between  them.  The  essential  principles 
involved  in  the  Jablochkofl'  candle  are  the  placing 
the  carhons  side  by  side,  so  as  to  form  a  two-wicked 
electric  candle,  and  the  emplo;~ment  of  an  insu- 
lating substance  between  them  which  gradually 
loses  its  resistance  as  high  temperatures  are 
reached.  It  is  to  this  latter  quality  of  the  insu- 
lators employed  that  is  due  the  success  of  the  Jablochkoff  system 
in  spreading  the  electric  current  over  a  number  of  lights. 

The  amuigement  by  which  the  candles  are  held  is  very  simple 
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and  iugemoQS.  It  coiuistB  (see  Fig.  457)  of  a  pftir  of  brass  jaws,  b 
acid,  t,  iusulnted  from  one  uiother,  each  having  ft  semi-cjlindricaJ 
vertical  groove  in  its  face  to  receive  the  candle,  which  in  the 
figure  is  represented  in  doited  lines.  The  jaw  b  is  rigidly  fixed 
to  the  bese-plate  a,  to  which  is  attached  the  attachment  screw 
connected  with  the  po^tive  dectrode  of  the  machine,  while  the 


jaw  p  is  jointed  to  the  hrackel  d,  which  ia  attached  to,  and  is  in 
matallio  conneiion  with,  the  attachment  eorewi'.  By  this  jointed 
arrangeaient  tlie  clip  can  receive  and  hold  firmlj  candles  of  sizes 
varying  within  certain  limits,  and  by  means  of  the  spring  b'  a  firm 
pressure  is  nuuntained  between  the  brass  jaws  and  the  metallic 
plates  attached  to  the  carbon  pencib.    The  terminal  screw  a'  being 
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connected  to  the  oeghtive  electrode  of  the  machine,  the  ciroiut  » 

completed  as  long  as  the  arc  contmues  to  be  produced.  Instead 
of  connecting'  the  acrew  a'  direct  to  the  machine,  it  ma;  be  con- 
nected to  a  second  candle-holder,  and  that  to  •  third,  and  so  on  in 
series ;  in  fiict,  in  the  Avenue  de  I'Opdra,  and  in  the  other  places 
iu  Palis  iUuminated  bj  the  Jablochkofi*  light,  the  lamps  are 
ananged  in  groups,  each  ^^up  b^g  illuminated  bj  one  circuit. 

Fig.  4<;8  represents  one  of  the  lanterns  which  are  now  installed 
on  each  side  of  the  Avenue  de  IXipSra.  The  portion  of  the  figure 
to  the  left  of  the  central  line  is  an  elevation  of  the  lantern,  and 
that  to  the  right  is  a  vertical  section.    In  each  of  these  lanterns 
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which  snrmoimt  the  lamp-posts  of  the  street,  are  placed  fonr 
candles,  held  in  clips  similar  to  that  described, hut  arranged  in  tbe 
form  of  a  cross  round  a  common  centre.  Fig.  459  is  a  sectional 
elei<ation  of  the  arrangemeat,  and  Fig.  460  is  a  plan.  It  is  neceesar  j 
to  have  four  candlee  in  order  to  carry  on  the  illumination  for  the 
dme  reqiurad,  as  each  candle  lasts  but  an  hour  and  a  half.  Onlj 
one  candle  is  burning  at  one  time  in  each  lamp  (except  in  the 
Place  de  I'OpSra,  where  two  are  employed  for  greater  illumina- 
tion), and  when  one  candle  is  burning  low  the  drcuit  is  shunted 
from  it  to  a  new  candle,  until  the  four  have  been  consumed,  by 
vbicb  time  the  hour  for  extingnishing  the  lights  has  been  reached. 
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The  unugemeitt  «f  ctadle-koUan  shown  in  Figs.  459  and  460  a 


atbichud  to  a  ciicular  slab  <if  wMto  odjz,  6  iuchea  iii  diameltr. 
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whieli  givea  to  the  lanleni  m  Tnj  lisi)d«cin«  tppeamtec  both  by 
daj  Hid  mght;  md  the  whole  is  tnrrouaded  bj  a  ^obe  of  opal 
gkaa  15}  iDchee  in  diamotBT,  which  protects  the  ewidlee  from  wind 
ml  weather,  Md  by  diffiwiDg  the  light  t>kee>w»j  til  dmlinggWc, 


but  there  can  be  nodonbt  that  the  addition  of  aeiinple  ineipeunTit 
optical  apperatoe,  hy  ivliich  rays  escaping  vertically  upwards  could 
be  directed  where  light  is  required,  would  greatly  increaw  the 
efiectiTe  power  of  the  light,  and  would  conBeq  neatly  make  it  more 
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eoonomicaL  The  opal  globes,  too,  should  be  very  much  larger. 
The  four  fixed  jaws  are  attached  to  a  common  central  base-plate 
in  connection  with  a  terminal  screw  for  maMng  connection  with 
what  may  be  called  the  return  wire  of  the  circuit ;  the  four  spring 
jaws  are  insulated  from  one  another  by  the  onyx  slab,  and  they 
are  each  fitted  with  an  attachment  screw,  three  of  which  are  shown 
at  the  bottom  of  Fig.  459.  To  these  screws  are  connected  four 
conducting  cables,  which,  passing  down  through  the  hollow  shaft 
of  the  lamp-post,  are  connected  to  the  similar  attachment  screws  of 
the  shunt  fixed  in  the  expanded  pedestal  of  the  lamp-post,  and 
which  is  accessible  by  means  of  a  door.  One  of  these  shunts  is 
shown  in  Fig.  46 1 .  It  consists  of  a  circular  disc  of  wood,  upon  which 
are  fixed  four  brass  contact-pieces,  connected  respectively  to  the 
four  candles  by  the  conducting  cables  above  referred  to ;  and  a 
shunt  lever,  pointed  at  its  centre,  by  which  the  current  entering 
from  the  machine  may  be  directed  to  any  one  of  the  four  candles. 
Under  the  present  system,  and  until  the  automatic  shunt  is  in- 
stalled, at  intervals  of  about  an  hour  and  a  half  a  man  goes  round, 
and  opening  the  little  doors  in  the  pedestals,  he  moves  the  lever 
from  one  contact-piece  to  the  next,  and  in  so  doing  throws  the 
stump  of  the  old  candle  out  of  the  circuit  and  a  fresh  candle  in. 
In  Fig.  461  the  terminals  marked  'to  lamp'  are  connected  to  the 
four  outside  connection  screws  of  the  lantern,  while  that  marked 
'  from  lamp '  is  in  connection  by  a  fifth  cable  with  the  central 
plate  in  connection  with  the  inner  jaws  of  the  candle-holders. 
The  binding  screws  marked  '  from  machine '  and  '  to  machine  '  are 
connected  by  underground  cables  with  the  lamp-posts  on  each  side 
of  it,  which  are  included  in  the  same  group.  The  diagram  (Fig. 
462)  will  explain  the  connections  between  the  lamp  and  the  shunt, 
and  between  the  shunt  and  the  machine  circuit. 

For  illuminating  the  Avenue  and  Place  de  I'Opdra  at  Paris 
there  are  three  machines,  each  of  which  has  four  pairs  of  terminals, 
by  which  connections  with  four  circuits  may  be  made ;  and  as  each 
of  these  circuits  actuates  four  lamps,  it  follows  that  each  machine 
supplies  the  light  to  sixteen  candles  burning  simultaneously,  and 
the  three  machines  together  illuminate  no  less  than  forty-eight 
lamps.  The  circuits  are  arranged  in  groups  of  four  lamps,  each  of 
which  are  joined  together  in  series.  The  diagram  (Fig.  463)  will 
explain  the  method  of  joining  up.  The  circuit  from  the  first  pair 
of  terminals  produces  the  light  for  the  four  lamps  marked  a, 
that  from  the  second  pair  illuminates  the  group  b,  that  from  the 
third  pair  the  group  c,  and  that  from  the  fourth  pair  of  terminals 
renders  incandescent  the  four  candles  marked  d,  and  the  same 
arrangement  is  adopted  for  each  of  the  three  machines. 
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The  oondnctiiig  cablaa  conmEt  of  aeyea  tinned  copper  wires, 
0-047  inch  in  diwneter  (about  No.  18  B.W.G.),  twisted  into  a 
cord  and  eoTerad  with  Mvenl  tbick- 
neeaea  of  india-rubber  woimd  on  in 
(he  form  of  ribbon  and  vinited  bj 
iudia-rubber  cement.  In  the  Place  j 
and  Avenue  de  I'Opfira  and  in  other  | 
pftrta  of  Paris  these  cables  are  ! 
underground  within  earthenware  | 
diaiuago  pipes,  cemented  together  I 
and  Bupported  at  distances  of  aKiut  1 
i3  inches  by  insulators,  so  as  to  keep  1 
them  aa  neart;  as  poBsible  in  the 
axis  of  the  piping. 

In  order  to  dispense  with  the 
eerricea  and  the  cost  of  an  attendant 
going  round  60m  lamp  to  lamp  and 
shuntjng  the  current  from  a  candle 
nearlj  burnt  out  t«  a  frosh  one,  the 

Pig.  tU. 


following  ample  arrangement 
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st»Ued  b  all  the  currents  of  the  Jabloch^ff  STBtmn:— This  auto- 
matic BhoDt,  to  which  we  have  alluded  in  our  first  artacle,  is  repre- 
sented in  elevBtion  h?  Fig.  464.  i.  and  a'  rBt)reBent  two  caudle- 
holders,  in  which  are  placed  two  candles,  S  aod  s'.  The  current 
enters  by  the  cable  s  and  terminal  d  (Fig.  464),  and  leaves  bj  the 
terminal  J>'  and  cable  b',  having  trsTersed  the  candle  a  b  or  a'  b', 
accordiop  as  Ihe  bell-crank  9hunt-le?er  x  x'  is  lifted  from  its  contact 
p,  as  shown  in  Fig.  464,  or  is  resting  against  it.  The  natural  ten- 
dency of  this  sbuotlerer  is  to  close  the  circuit  with  the  CODt«ct-piece 
P,  and  therefore  to  ignite  the  candle  b',  for  it  is  pressed  in  that 
direction  by  the  spring  r.  It  is,  however,  kept  away  from  it  by 
the  platinum  wire/,  attached  t«  the  upper  end  of  the  lever  n  x' 
resting  against  the  insulaliiig  material  of  the  candle  b  at  a  point 
Fig.  46).  '°  '^  length  not  far  from  where  it  is  held  in  its 
holder  A.  As  soon,  therefore,  as  the  candle  B  bums 
dawn  to  the  point  at  which  the  wire  rests  against 
it,  the  latter,  having  no  longer  anytlung  te  keep 
back,  is  released,  the  lever  flies  over,  making  con- 
nection between  u  and  P,  and  the  freeh  candle  b'  is 
instantly  and  aut^HnstJcally  thrown  into  the  circuit, 
and  this  will  continue  to  bum  until  a  second  lever, 
released  in  the  same  way,  shunts  it  out  of  connection 
,  with  the  machine  and  places  a  third  in  the  circuit. 
The  subdivision  of  the  light  has  recently  occupied 
tlie  attention  of  inventors.  JablocbkofF  works  four 
lamps  simultaDeoualj.  Wallace  has  worked  ten. 
Attempts  have  been  made  to  do  this  on  a  much 
larger  scale  by  raising  platinum  and  iridium  to  in- 
candescence, or  te  that  temperature  j  ust  below  melt- 
ing pomt,  A  soft  and  gentle  light  is  thus  obtained. 
But  tlie  result  has  not  been  commercially  successful, 
though  probably  this  is  the  direction  in  which  ulti- 
mate lUGcess  will  be  obtained. 

As  early  as  1845  King,  in  London,  tried  to  do 
this  also  with  carbon.  His  lamp  is  shovpn  by  Fig. 
465  C  is  a  conductor,  which  rests  in  a  hath  of  mer- 
eurv,  B,  tbe  other  conductor  being  hermetically 
sealed  into  the  glass  tube,  which  is  made  a  vacuum. 
The  rod  A,  to  be  raised  to  incandescence,  is  fixed 
between  two  blocks  joined  by  the  porcelain  bar  b. 

Lodyguine,  of  St.  Petersburg,  tried   tbe  same 
thing  in  1S74,  and  Eonn,  of  the  same  place,  in  1S75. 
Another   Russian — Bouliguine — more  recently  has 
followed  the  same  idea,  without  much   success  as  regards  lighting 
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power,  tbough  all  have  aolyed  the  difficulty  of  the  subdivision  of 
thecuirent. 

The  souices  of  electricity  employed  in  generating  currents  to 
produce  the  light  are  almost  invariably  one  or  other  of  the  forms 
of  magneto-electric  machinery  described  in  Chapter  XV. 

It  is  now  very  largely  used  for  lighthouse  illumination,  and  is 
gradually  being  introduced  for  large  workshops.  One  of  the  first 
linns  to  introduce  it  into  England  were  Messrs.  Head,  Wrightson, 
and  Go.,  of  Stookton-on-Tees.  They  used  Siemens's  dynamo- 
electric  machine,  of  i^  horse  power  (i86),  and  lamp  (Fig.  450), 
giving  1,000  candle  power,  fixed  thirty  feet  from  the  ground,  at  a 
cost  of  one  shilling  per  hour. 


OHAPTER  XXTT. 

MISCELLANEOUS   PRACTICAL  APPLICATIONS   OP 

ELECTRICITY. 

Electric  Clocks :  Bain's,  Wheatstone's,  Jones's,  Ritchie's,  Bregnet's,  Shep- 
herd's, Cooke's — Chronoscopes — Chronographs — Electric  Thermometers 
— ^Electric  Target — Electric  Log — Electric  Break — ^Electric  Boiler  Feed 
—Electric  Hydrostatimeter — Electric  Engraving  Machine — Electric 
Loom. 

(296)  Bleotrie  CloclUri — Electric  clocks  are  coeval  witli 
telegraphs,  and  are  worked  by  the  same  means.  They  are  of  two 
kinds — I  St,  those  which  are  worked  or  propelled  by  ^e  effects  of 
the  current;  2nd,  those  which  are  controlled  or  regulated  by 
currents.  Bain  and  Wheatstone  each  claimed  to  be  the  inventor 
of  the  electric  clock  of  the  first  kind. 

BaviCs. — The  mechanism  of  this  ingenious  instrument,  which 
was  exhibited  in  the  spring  of  1841  at  the  Polytechnic  Institution, 
wiU  be  understood  from  Figs.  466  and  467. 

B  (Fig.  466)  is  a  back-view  of  an  ordinary  clock  with  a  pendulum 
vibrating  seconds  ;  c,  a  plate  of  ivory  affixed  to  the  frame  of  the  clock,  in 
the  middle  of  which  is  inserted  a  slip  of  brass  in  connection  with  the 
positive  pole  of  a  battery.  To  the  pendulum  is  attached  a  very  light  brass 
spring,  F,  in  such  a  manner  that  every  vibration  of  the  pendulum  brings 
the  free  end  of  the  spring  into  contact  with  the  strip  of  brass,  thus  com- 
pleting the  circuit,  which  is  broken  again  as  soon  as  the  spring  touches  the 
ivory.    A  series  of  electric  clocks  may  be  connected  by  means  of  the  wires 
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Fic.  4r-  It  s  iaQk-:ripw  of  m  wu  ifwiiding  cloak  an  tbe  mmit  -viie :  « is 
■r  <einrrrv-nHkcnAi.  mc  r  is  ■xnuampe,  nupandad  by  a  lyrng^  pendoIaB- 
:&iUuiK  ;  r  jf^  a  amaL  Mavic.  u*  icpnUop  iiie  distanoe  of  tbe  mtvutmrt  frcn 
ifar  «fiwtxv<iBacuA.  Ax  tkvr  Invrar  end  nf  Htut  annatore  is  jcnded  a  liglit 
dioa-^rve:.  c.  tdiinc  xorr  dir  lanfa  of  a  xvtdMt-^^dieel,  e ;  /  is  a  epang  to 
k«q-  tfat  norbfi-vkMl  OBBChr.    When  liie  pendnhim  oT  liie  c3oc^  aonds  an 


Fig.  467. 


electric-  (.-jrrent  Tl.rouirh  the  candurting  irire,  the  armature  is  attracted  by 
the  magiaet,  an  J  the  click  lever  <f  takes  orer  ooe  tooth  of  the  ratchet-wheel; 
upon  the  current  l>eing  arrcfted  (by  the  spring  f  of  the  p^idolam,  leaving 
the  slip  of  brass  in  the  primary  clock  \  the  armature  falls  back  into  its 
former  position,  and  causes  the  dick-lerer  to  draw  the  ratchet-wheel  one 
tooth  forward-  The  arbor  of  the  ratchet-wheel  carries  the  teconds-hand^ 
wliich  i«  tLus  taken  fon»anl  one  degree  every  second,  corresponding  to  the 
vibration  of  the  clock  b.  A  pinion  on  the  ratchet-arbor  gives  motion  to 
other  simple  wheel-work,  which  carries  the  minute  and  hour  hands. 

Wheatgtone's  Electric  Clock, — This  instrument  was  exhibited 
and  explained  at  the  Royal  Society,  Xov.  25,  1840.  In  its  con- 
struction, all  the  pails  employed  in  a  clock  for  maintaining  and 
regulating  the  power  are  entirely  dispensed  with.  It  consists 
simply  of  a  face  with  its  second,  minute,  and  hour  hands,  and  of  a 
train  of  wheels  which  communicate  motion  from  the  arbor  of  the 
seconds-hand  to  that  of  the  hour-hand  in  the  same  manner  as  in 
an  ordinary  clock  train  ;  a  small  electro-magnet  is  caused  to  act 
upon  a  peculiarly  constructed  wheel  placed  on  the  seconds-arbor 
ID  such  a  manner  that  whenever  the  temporary  magnetism  is  either 
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produced  or  destroyed,  the  wheel,  and  consequently  the  seconds- 
hand,  advance  one-dztieth  part  of  its  revolution.  On  the  axis 
-which  carries  the  scape-wheel  of  the  primary  clock  a  small  disc  of 
brass  is  fixed,  which  is  divided  on  its  circumference  into  sixty 
equal  parts ;  each  alternate  division  is  then  cut  out  and  filled  with 
a  piece  of  wood,  so  that  the  circumference  consists  of  thirty  regular 
alternations  of  wood  and  metal.  An  extremely  light  brass  spring, 
which  is  screwed  to  a  block  of  ivory  or  hard  wood,  and  which  has 
no  connection  with  the  metallic  parts  of  the  clock,  rests  by  its  free 
end  on  the  circumference  of  the  disc.  A  copper  wire  is  fastened 
to  the  end  of  the  spring,  and  proceeds  to  one  end  of  the  wire  of 
the  electro-magnet ;  while  another  wire  attached  to  the  clock  frame 
is  continued  until  it  joins  the  other  end  of  that  of  the  same  electro- 
magnet. A  constant  voltaic  battery,  consisting  of  a  few  elements 
of  veiy  small  dimensions,  is  interposed  in  any  part  of  the  circuit. 
By  this  arrangement  the  circuit  is  periodically  made  and  broken  in 
consequence  of  the  spring  resting  for  one  second  on  a  metal 
division,  and  the  next  second  on  a  wooden  division.  The  circuit 
may  be  extended  to  any  length,  and  any  number  of  electro-magnetic 
instruments  may  be  thus  brought  into  sympathetic  action  with  the 
standard  clock. 

Wheatstone  subsequently,  with  the  aid  of  Mr.  Stroh,  made 
many  attempts  to  introduce  a  reliable  electric  clock,  but  he  failed. 
He  discarded  the  battery  and  introduced  electro-magnetic  currents 
developed  in  a  coil  of  wire  oscillating  over  the  poles  of  perma- 
nent magnets.  Each  indicating  clock  was  actuated  by  an  astatic 
system  of  magnetic  needles,  kept  in  continued  rotation  by  these 
magneto-electric  currents.  Thus  the  whole  circuit  remained 
unbroken,  and  the  currents  were  alternately  reversed  without  any 
making  or  breaking  contact — the  chief  source  of  failure  in  the 
former  systems. 

Jcmess^  Electric  Clock, — Clocks  worked  by  electricity  are 
usually  either  driven  by  the  galvanic  current  or  regulated  by  the 
release  of  an  escapement.  In  these  plans,  if  the  battery  gets  out  of 
order ;  if  the  communicating  wire  is  broken  or  badly  insulated ;  or 
if  any  of  the  contacts  are  defective,  the  clock  stops  altogether ;  and 
it  is  probably  this  serious  defect  which  has  hitherto  limited  an 
application  of  electricity  which  at  first  sight  would  appear  to  ofier 
very  considerable  advantages. 

A  few  words  will  explain  Jones's  controlling  system. 

Each  controlled  clock  is  a  complete  clock  in  itself,  requiring 
winding  up  as  usual,  and  is  regulated  approximately  to  time, 

1  Mr.  Jones  was  manager  at  the  railway  station  at  Chester. 
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liaving  a  pendulum  p  (Fig.  468),  constructed  similar  to  Bain's^ 
yibrating  over  a  bundle,  or  rather  two  bundles,  of  magnet-bar^, 
sn-vs.  The  normal  clock  is  furnished  with  slight  springs  A  and  B, 
one  on  each  side  of  the  pendulum-rod  0,  which  are  attached  one  to 
the  copper  terminal  —  of  one  battery  a,  and  the  other  to  the  zinc 
terminal  +  of  a  second  batteiy  B,  the  other  poles  +  and —of  each 
battery  passing  by  the  line-wire  or  through  the  earth  to  one  of 
the  suspension-springs  of  the  controlled  pendulum  p,  thence 
down  the  rod  and  around  the  ball  R  to  the  second  suspension- 
spring,  and  by  the  line-wire  to  the  pendulum-rod  of  the  normal 
clock. 

Fig.  468. 


When  the  controlling  pendulum  swings  and  touches  the  one 
spring,  a  current  of  one  kind  is  transmitted  from  the  battery  a 
along  the  wire,  producing  an  attraction  between  the  one  pole  of 
the  magnet-bar  and  the  wire  coil  B  of  the  controlled  pendulum  p, 
the  second  battery  b  being  meanwhile  inactive,  until  the  normal 
pendulum  o  in  its  reverse  swing  makes  contact  with  it,  and 
transmits  through  the  spring  b  a  current  of  the  opposite  kind  to 
the  controlled  pendulum,  producing,  of  course,  an  opposite  result 
Thus  each  second  day  and  night  an  alternating  current  of  positive 
and  negative  electricity  is  transmitted  along  the  line-wire  and 
through  each  pendulum,  which  most  effectually  secures  the  coinci- 
dence of  beat  of  the  coT\tTo\\&^'m\.\i  tk^  \icrraasi  pendulum.    Should 
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the  controlled  clocks  incline  to  go  too  elow,  these  correcting 
currents  drag  them  onwards ;  if  too  fast^  then  the  currents  retard 
the  motion  of  their  pendulums ;  and  consequently  perfect  corre- 
spondence of  time  is  obtained. 

Ritchie,  of  Edinburgh,  has  carried  out  this  system  extensively. 
By  his  plan  the  different  clocks  report  their  accuracy  by  means  of 
what  is  technically  called  dropt  seconds.  The  Observatory  clock, 
by  its  alternate  contact  with  the  springs  on  either  side,  sends  out  a 
current  every  beat.  Inside  the  clock  the  wire  passing  to  the 
pendulum-rod  is  cut  and  formed  into  a  slight  spring  D  (Fig.  469) 
resting  on  a  fixed  stud  e  at  all  times,  except  when  a  short  arm  f, 
on  the  seconds-wheel,  raises  the  spring  from  the  stud,  and  by 

Fig.  469. 


J 


breaking  the  continuity  of  the  wire  prevents  any  current  passing. 
This  happens  at  the  30th  second,  as  shown  by  the  normal  clock, 
and  can  be  seen  by  introducing  a  galvanometer  into  any  part  of 
the  line-wire. 

In  an  exactly  similar  way  another  clock  cuts  the  wire  for  two 
seconds,  which  are  the  9th  and  loth  as  shown  by  it.  Two  other 
clocks  drop  respectively  the  25th  and  35th  second,  and  a  fourth 
clock  drops  the  50th.  This  test  forms  the  greatest  security  for  the 
accuracy  of  the  clocks. 

Ritchie  has  also  introduced  a  sympathetic  clock  which  requires 
no  winding  up,  and  is  kept  in  motion  by  a  very  small  amount  of 
battery  power,  with  the  greatest  certainty  of  coincidence.  The 
name  electro-sympathetic  clock  has  been  chosen  to  distinguish  it 
from  the  purely  electric  clock.  Each  clock  is  no  doubt  really 
propelled  by  electricity,  but  the  currents  or  waves  are  transmitted 
by  a  normal  clock  through  the  different  pendulums  connected  with 
it,  which  are  thus  caused  to  vibrate  in  coincidence  or  sympathy 
with  the  governing  clock. 

Unlike  former  companion  clocks,  this  is  supplied  with  its  own 
pendulum,  acted  on  and  entirely  maintained  in  motion  by  the 
currents  of  electricity  transmitted  by  the  normal  clock.  The 
action  is  the  same  as  that  in  the  controlled  pendulum,  but  the 
impulse  is  wholly  obtained  from  electricity  and  not  from  the  clock- 
work.   To  enable  the  pendulum  thus  kept  in  vibration  to  carry 
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forward  tbe  wbeel-woi^,  an  BBCapement  OT  propeimeDt  has  been 
introduced,  which  gives  to  the  seconds-hand  an  instBtitaiieous 
motion  like  that  of  a  dead-beat  'scapemeat,  and  so  lochs  the  wheel 
that  no  force  whatever  can  cany  forward  the  wheel  bejond  the 
stop,  and  no  power  less  than  the  w^ht  of  the  gi&vitf-arm  will 
drive  the  wht^el-work  backwards.  Where  great  eipoaoTB  to  wind 
ii  experienced  a  light  catch  is  added,  which  blling  into  each  tooth 
effectually  preventB  its  bedng  turned  backwuds  b;  aaj  force  whatr 

I'ig,  470  represents  a  scape-whed  8,  with  30  teeth  acted  on  by 
two  gcavitf-arms  a  and  B,  one  00  each  dde.     The  peodulum  p  is 
Pj^  auppoaed  to  have  completed  its 

vibration  to  the  right  hand,  and 
t  is  returning  to  the  left  In  the  di- 
rectioD  of  the  arrow.  The  right- 
hand  arm  B  is  just  resting  on  the 
tooth,  preaung  it  by  its  weight  in 
the  forward  direction,  Tbe  tooth, 
however,  resting  on  tbe  arc  a  of 
the  left-band  pallet  jl,  prevents 
its  motion  until  the  pendulum 
baa  advancedand  raised  by  means 
of  tbe  crutch  lever  tbe  arc  or 
fel*  stop  a  out  of  tbe  tooth,  when 
the  wheel  is  carried  forward  until 
the  tooth  teats  on  the  arc  or  stop 
b"  of  the  right-hand  pallet  B, 
agaiost  which  it  is  locked  by 
the  weight  of  the  arm  till  the 
pendulum  in  its  return  vibration 
relieves  it  in  like  manner,  and 
allows  the  left-hand  arm  to  force 
forward  the  wheel,  and  so  on. 

Another  and  much  more 
powerful  arrangement  ia  obtsined 
by  loading  a  simple  pendulum 
above  its  point  of  suspension. 
By  this  means  a  pendulum  can 
be  constructed  to  vibrate  within 
the  diameter  of  its  own  dial  at 
any  rate  desired.  In  practice  tbe 
balance- weight  abore  the  sus- 
pension is  A  coil  of  wire  vibrating 
r  around  liais  ot  loagaeU.    ^\^.  a,i^  it^issft^  such  an 
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umngemeiit,  o  uid  o*  being  coils  of  wu 
below  the  auspenBioD-spriiigs  »'  and  b', 


the  cluatera  of  magnetic  bars  s  b.  The  curreuta  entering  by  one 
auapensioii-Bpriiig  paas  through  the  one  coil  to  the  centre,  thence 
ttj  the  rode  to  the  centre  of  tie  other,  after  travereing  which  they 
paaa  off  by  the  eecond  spring,  thereby  doubling  the  electromotive 
force.  The  pendulnm  being  maintained  in  modon  by  the  trans- 
mitted currents,  is  applied  to  work  the  'scapement  (Fig.  470}. 
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Breguefs  Electric  dock, — Instead  of  correcting  all  tlie  secondary 
or  controlled  clocks  once  a  second,  or  once  at  every  beat  of  the 
pendulum,  M.  Breguet  corrects  them  only  once  or  twice  every 
twelve  hours,  by  bringing  the  minute-hand  exactly  to  the  hour 
point.    This  is  done  in  the  simplest  manner,  by  a  little  train  of 
wheels  driven  from  a  barrel-spring,  and  set  free  by  an  electro- 
magnetic detent  at  the  moment  of  correction ;  two  small  cams, 
one  on  each  side  of  a  projection  connected  with  the  minute-hand, 
are  turned  once  round  by  this  train  of  wheels ;  if  the  minute-hand 
be  behind  its  time,  one  of  these  cams  moves  it  on ;  if  it  be  before 
its  time,  the  other  cam  moves  it  back.    This  method  is  simple  and 
effective  where  no  extreme  accuracy  is  required  between  the  long 
intervals  of  correction.    It,  moreover,  avoids  the   difficulty  of 
making  good  contacts  from  the  pendulum  of  the  standard  clock 
without  some  injury  to  its  time-keeping  qualities,  a  danger  which 
Jones's  method  does  not  provide  for.    Barraud  and  Lund  have 
mtroduced  a  somewhat  similar  system  very  extensively  in  London. 
Shepherd's  Electro-Magnetic  dock. — In  this  apparatus,  which 
was  a  prominent  object  in  the  International  Exhibition  of  1851, 
the  pendulum  is  so  arranged  as  to  make  and  break  an  electric 
circuit,  and,  consequently,  to  make  and  unmake  a  horseshoe 
magnet  at  each  vibration.    Each  time  that  a  magnet  is  made,  it 
attracts  an  armature  which  lifts  certain  levers ;  one  of  these  raises 
a  weighted  lever,  and  causes  it  to  be  held  up  by  a  detent  or  latch ; 
the  magnet  is  then  unmade  in  consequence  of  the  pendulum  break- 
ing the  circuit,  and  the  armature  is  released,  when  the  pendulum 
lifts  the  latch  and  allows  the  weighted  lever  to  fall,  which,  in 
falling,  strikes  the  pendulum  so  as  to  give  it  an  adequate  impulse  ; 
then  the  circuit  is  again  completed,  the  armature  attracted,  the 
levers  moved,  and  the  weight  raised  and  held  up  by  a  detent ; 
another  vibration  breaks  the  circuit  and  raises  the  armature,  the 
pendulum  then  raises  the  detent,  the  weight  falls,  and  in  falling 
its  arm  strikes  the  pendulum  and  gives  it  an  impulse,  and  so  on. 

But  the  pendulum  at  each  vibration  not  only  makes  and  breaks 
the  electric  circuit  of  the  battery,  which  maintains  its  own  action, 
but  also,  and  simultaneously,  that  of  a  second  battery,  the  duty  of 
which  is  to  make  and  unmake  the  electro-magnets  belonging  ex- 
clusively to  the  clock  or  clocks  which  are  upon  this  circuit.  These 
electro-magnets  act  upon  the  extremes  of  one  or  more  horizontal 
bar-magnets,  so  as  alternately  to  attract  and  repel  their  opposed 
poles ;  on  the  axis  of  these  bar-magnets  are  the  pallets  by  the 
alternating  motions  of  which  to  the  right  and  left  the  ratchet- 
wheel  is  propelled  onwards  at  the  rate  of  a  tooth  each  second ; 
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and  the  axis  of  the  ratchet-wheel  carries  the  pinion  which  moves 
the  other  wheels  of  the  clock. 

The  circuit  of  the  battery  connected  with  the  striking  part  of 
the  clock  is  only  completed  once  in  an  hour,  and  is  connected  with 
an  electro-magnet  so  arranged  as^  by  means  of  a  proper  lever^  to 
pull  the  ratchet-wheel  attached  to  the  notched  striking-wheel  one 
tooth  forward  every  two  seconds,  and  each  tooth  is  accompanied 
by  a  blow  on  the  electro-magnetic  bell.  The  number  of  blows 
depends  upon  the  notched  wheel,  the  spaces  on  the  circumference 
of  which  are  adapted  to  the  number  to  be  struck,  and  when  this  is 
complete  a  lever  falls  into  the  notch,  and  so  doing,  cuts  off  the 
electric  current,  which  is  not  re-established  through  the  striking 
electro-magnet  till  the  next  hour,  when  a  peg  upon  the  hour-wheel 
pushes  the  striking  lever  forward  so  as  to  cause  it  to  be  depressed 
by  a  similar  peg  upon  the  minute-wheel. 

Cooke  ^  SotCs  System  of  ElectricaUy  Controlled  Clocks,  as  carried 
out  by  them  in  the  telegraph  gallery  of  the  General  Post  Office, 
London,  consists  essentially  of  Jones's  principle,  with  improvements 
of  their  own  in  mechanical  details,  and  also  in  the  fact  that  the 
clocks  themselves,  irrespective  of  the  control,  are  excellent  time- 
keepers, and  will  continue  to  go  accurately  should  the  electric 
current  be  at  any  time  interrupted.  A  polarised  relay  is  used  for 
sending  alternate  positive  and  negative  currents,  in  order  that  the 
standard  clock  (which  works  the  relay)  may  not  have  the  contacts 
burnt  or  oxidised  by  the  larger  spark  which  results  when  the 
current  is  sent  direct  through  the  whole  of  the  clock  pendulum- 
bobs.  Twenty-one  clocks  in  the  gallery  are  thus  accurately 
controlled  by  the  same  current  (from  four  large-sized  Darnell's  cells), 
sent  at  the  end  of  each  oscillation  of  the  standard  pendulum ;  and 
the  system  is  equally  applicable  to  public  clocks  in  various  parts 
of  a  town  or  on  a  railway. 

Another  electric  clock,  by  the  same  makers  on  a  different 
principle,  is  also  working  in  the  same  gallery.  The  dial  of  this 
clock  is  6  feet  in  diameter,  and  the  wheel-work  connected  with 
the  hands  is  driven  by  a  rod  about  45  feet  long,  with  two  or 
three  bends  at  right  angles,  which  are  passed  by  means  of  bevel- 
wheels. 

The  motor  for  driving  this  rod  and  the  dial-hands  is  placed  in 
a  convenient  position  for  inspection,  and  is  of  novel  construction, 
the  original  design  for  which  was  made  by  Mr.  E.  Cox  Walker, 
electrician  to  the  Messrs.  Cooke. 

It  may  be  generally  described  as  consisting  of  two  pairs  of 
electro-magnets,  each  about  3  inches  long,  placed  opposite  to  each 
other  longitudinally  on  a  flat  plate  of  metal ;  a  permanent  magnet, 
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of  the  horseshoe  fonn,  being  suspended  between  them,  from  the 
top  of  which  an  arm  rises,  carrying  at  its  upper  end  a  double 
ratchet,  by  means  of  which  motion  is  communicated  to  a  ratchet- 
wheel  and  the  other  necessary  wheel-work.  The  chief  advantages 
of  this  arrangement  are  that  the  usual  counteracting  spring  for 
drawing  the  armature  away  from  the  electro-magnets  at  each  beat 
is  entirely  dispensed  with,  and  the  permanent  vibrating^magnet  is 
substituted,  and  its  magnetism  utilised  by  reversing  the  current  at 
each  beat  of  the  standard  clock,  thus  causing  it  to  be  alternately 
attracted  and  repelled  by  each  pair  of  electro-magnets.  Its 
magnetism  also  holds  it  against  one  or  other  pair  of  electro-magnets 
during  the  time  there  is  no  current  passing,  thus  acting  as  a  check 
and  steadier  to  the  wheel-work  until  it  is  again  moved  by  the 
pa.8sage  of  a  current  through  the  coils.  It  will  also  be  seen  that 
this  arrangement  requires  only  a  very  weak  current  to  actuate  it, 
as  the  magnetism  of  the  permanent  vibrating-magnet  may  be  made 
sufficiently  strong  to  do  the  work  itself,  the  current  through  the 
electro-magnets  being  merely  strong  enough  to  change  their 
polarity.  The  working  of  the  clock  is  very  reliable,  and  we  believe 
the  principle  capable  of  wide  application  for  other  purposes.  The 
motor-works  are  covered  by  a  glass  case,  and  present  a  very  neat 
appearance.  Smaller  clocks  on  this  principle  to  hang  on  a  wall, 
with  the  works  all  contained  within  a  case  of  the  ordinary  office 
size,  are  also  made  by  this  firm. 

(297)  Cbronoscopes. — These  are  instruments  which  are  used 
for  the  measurement  of  very  short  intervals  of  time ;  they  are  em- 
ployed principally  for  determining  the  velocity  of  projectiles  and 
the  value  of  gunpowders. 

Wheatstone's  plan  for  determining  the  velocity  of  a  ball  was 
this : — 

Two  screens,  made  each  of  a  continuous  wire  led  backwards 
and  forwards  across  a  frame,  are  placed  in  the  path  of  the  ball  at 
a  known  distance  apart.  The  wire  of  each  screen  forms  part  of 
two  complete  circuits  communicating  with  the  instrument.  When 
the  wires  are  successively  broken  by  the  projectile,  the  successive 
interruptions  of  the  two  currents  are  registered  by  electrical 
means  on  some  apparatus,  part  of  which  moves  with  a  known 
velocitv. 

It  is  not  necessary  that  the  two  circuits  should  be  distinct 
throughout  their  whole  length;  the  rupture  of  the  circuit  con- 
taining the  first  screen  by  the  very  cessation  of  the  current  through 
it  is  easily  made  by  electro-magnetic  apparatus  to  establish  a 
current  through  a  cixcmt  coTvtaiiiing  both  the  second  screen  and 
part  of  the  first  circuit,    "By  XXi^^'a  n^tj  €\t£i^<^  ^^orsi^Yi^'ivsi't.^^^ 
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Inlly  as  it  succesaiyely  breaks  two  circuits,  sends,  as  it  were,  two 
sigiuds  by  stopping  two  currents  at  the  very  instant  that  it  passes 
through  two  points  of  the  trajectory  ;  but  it  is  by  no  means  equally 
easy  to  register  the  instants  at  which  these  signals  are  sent    The 
time  elapsing  between  them  must  be  measured  by  reference  to 
some  continuous  moyement,  of  which  the  speed  is  accurately 
known,  and  it  is  Tery  difficult  to  produce  such  a  movement. 
Clockwork  governed  by  an  escapement  can  give  only  a  step-by- 
step  or  intermittent  motion ;  and  no  frictioni^  governor  hitherto 
used  can  be  depended  on  to  produce  perfect  regularity.    A  second 
difficulty  arises  from  the  fact  that  no  electro-magnetic  effect  is 
absolutely  instantaneous,  and  that  especially  the  effect  on  soft-iron 
cores,  such  as  are  frequently  used  in  recording  apparatus,  are 
extremely  uncertain  or  variable,  so  that  an  electro-magnet  cannot 
be  depended  upon  to  release  or  attract  an  armature  at  constant 
intervals  after  a  given  current  is  stopped.    No  doubt  if  every 
drcumstance  attending  every  experiment  could  be  maintained 
rigorously  the  same,  the  electro-magnet  would  act  constantly  in 
one  way,  but  in  practice  this  cannot  be  effected.    The  use  of  Bain's 
chemical  recorder  to  a  certain  extent  remedies  this  defect. 

A  chronoscope,  known  as  Navez's  pendulum,  is  extensively 
used  both  abroad  and  in  this  country.  It  records  time  by  marking 
an  interval  of  the  swing  of  a  pendulum,  or  by  measuring  the  arc 
described  by  the  bob  of  the  pendulum  during  the  period  to  be 
measured.  The  unknown  velocity  of  a  projectile  is  referred 
directly  to  the  known  velocity  of  a  pendulum. 

A  chronoscope  which  registers,  by  means  of  an  induction 
spark,  produced  in  a  secondary  circuit  by  the  rupture  of  the 
primary,  on  the  principle  introduced  by  Schultze,  was  exhibited  at 
the  International  Exhibition  of  1862  by  M.  Hardy  (Paris). 

It  consists  of :  i.  A  fixed  brass  cylinder,  one  metre  in  circnmference, 
round  which  a  band  of  prepared  paper  can  be  firmly  stretched,  a.  An 
axial  arm  of  steel,  bearing  a  platinum  point  which  revolves,  describing  a 
circle  concentric  with  and  close  to  the  cylindrical  surface  of  the  paper. 
This  arm  is  driven  by  clockwork.  3.  A  pendulum  revolving  round  a 
prolongation  of  the  axis  of  the  cylinder,  and  driven  by  the  axial  arm, 
which  presses  against  the  lower  end  of  the  rod.  This  pendulum  is  intended 
to  produce  uniformity  in  the  movement  of  the  clockwork.  4.  An  induction 
coil  with  primary  and  secondary  circuits.  One  end  of  the  secondary  circuit 
ii  in  connection  with  the  point  of  the  axial  arm,  and  the  other  with  the 
lai^e  brass  cylinder  on  which  the  paper  is  stretched.  The  primary  circuit 
is  connected  with  a  screen,  used  as  a  target,  and  a  current  is  allowed  to 
circulate  through  it.  The  rupture  of  the  screen,  by  interrupting  the 
primary  current,  determines  a  spark  in  the  secondary  wire,  registering  the 
instant  of  the  interruption  by  burning  a  small  hole  in  the  paper.    By  the 
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it  A  wnK  flf  <!ftMXr»-«u^pKts,  the  primaiy  circuits  can  be  re-. 
<!^.:aMii!^w  i^mnifrk  a  spjcrasica  cf  vires  and  screens,  giving  a  series  of 
^ii*Mrv«rk«ifc<c  Earki  imnTsrskv  cf  the  primanr  circait  is  said  to  last  aboat 


Fi»DM  xmR«4  a  ckpoDoscope  iriiich  depended  upon  the 
iMiKQiTCBifirt  c«f  nonwBts  of  T«iT  short  duration  by  the  magnitude 
vvf  ii«dfcix>c  pTvs  to  a  calratKOMter. 

Noki»e>  c^tDciiicv^  k^  osed  ^sr  measuring  the  velocity  of  the 
s)K«t  dariiic  m  pafta>|y  thKNurli  tlie  gun  itself.  The  ball  presses 
mioffi  a  jiHi«kSi  cf  ^&i»  whick.  in  moTin|r«  break  or  make  electric 
<vY::i>eraogi<>«  wlack  are  w«irdted  <m  Schultze^s  principle  on  a 
n^adly  iv«!Ui:i3»r  <Ebe  hariivr  a  known  rate. 

\^>^>  Gta<«aatm9^a« — ^tuitraments  to  which  this  name  has 
been  pT^tn  axY  coIls:nlCt)^l  for  the  purpose  of  recording  the  time 
ai  which  a  certain  phenanmMi  occurs  by  means  of  electricity. 
TVt  haT«  Vns  tt»d  for  deVrmining  the  difference  of  longitude 
beiwe^D  two  placets  Hie  iottowing  description  of  an  excellent 
appanttts  exhibitted  at  tbe  Inteniational  E^dbibition  of  1862  by 
3iL  Krille  vlVnmaik^  is  takia  fiom  the  Jwnort'  Report,  and  gives  a 
good  idea  of  the  principle : — 

A  cylinder,  coT«i«d  with  bla^oied  paper,  driren  by  dockwork,  and 
wculated  by  a  conical  pendalam,  revohres  at  a  sensibly  nniform  speed. 
Two  diamond  \vnnt5  v«  the  end  of  two  levers  are  pressed  a^^ainst  the 
or  Under  ass  ir  ivw4ve*,  and  mark  two  fine  white  lines  on  the  blackened 
surface.  Thesse  lewrs  arv  c*rrii>i  on  a  ^vt  of  oar,  to  which  a  slow  motion 
of  traniCativMi  is  civen  parallel  to  the  axis  of  the  cylinder,  so  that  the  lines 
marked  aiv  helioAl  and  continuvms.  The  levers  are,  moreover,  connected 
with  the  armatun?s  of  two  >*parate  elecinvmaimets,  also  carried  on  the  car. 
Thei*  armatures  by  their  motion  can  prixluoe  a  slisjht  independent  movement 
oi  translation  on  the  diamond  points  alon^  the  surface  of  the  cylinder.  One 
of  these  electro-magnets  is  worked  by  contacts  from  a  standard  clock,  so 

contrived  as  to  produce  a  brvTiken  line  equally  divided,  thus,       |     ' |     . 

The  instant  of  the  change  of  contact  is  thus  singularly  well  and  sharply 
defined.  The  second  elect rvv-magnet  is  workeil  by  the  observer  with  a  key, 
and  produces  a  little  nipple,  fixing  the  instant  of  tiUservation  by  its  position 
on  the  cvlinder  relativelv  to  the  broken  or  *  second '  line.  So  far  the 
arrangements,  although  extremely  good,  can  hardly  be  called  novel.  The 
manner  of  observing  the  contacts  from  the  standard  pendulum  is  not  only 
excellent  but  quite  novel.  Two  short  vertical  jilass  tubes,  placed  side  by 
side,  have  each  near  their  lower  end  a  small  horizontal  branch,  the  two  open 
ends  of  which  are  placed  in  very  close  proximity  opposite  each  other.  The 
two  larger  tubes  are  partly  filled  with  mercury,  wiiich  flows  through  the 
two  horizonal  branches,  until  the  two  streams  join  in  the  open  si)ace 
between  them.  This  space  is,  however,  so  small,  that  capillary  attraction 
prevents  the  mercury  from  falling  down,  so  that  it  is  entirely  retained 
inside  the  tubes,  with  the  exception  of  this  one  short,  exposed,  and 
Apparently  unsupported  dro^  \iangin^  \ie.\,\j^ft».  >Ocife  \.vsvs\ix«ccvv::,W-&.    A.  very 
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thin  sheet  of  mica  is  carried  by  an  arm  on  the  pendulum,  so  placed,  that  at 
each  heat  the  mica-sheet  descends  between  the  ends  of  the  two  little  branch 
tubes  separating  the  mercury  in  the  two  reservoirs,  and  breaking  all 
electrical  communications  between  them.  At  the  return  of  the  pendulum, 
the  mica-sheet  is  withdrawn,  and  the  mercur}'  at  the  two  sides  joins  as 
before,  making  an  electrical  connection.  The  action  of  this  admirable 
make  and  break  arrangement  seems  all  that  could  be  desired  ;  the  mercury 
is  not  spilt,  as  might  be  expected,  and  the  contact  appears  to  be  made  with 
perfect  certainty  and  regularity.  The  friction  must  be  almost  nothing ; 
and  if,  as  appears  probable,  the  oxide  formed  by  each  spark  is  removed  by 
the  mica-plate  in  its  descent,  this  plan  might  be  very  advantageously 
applied  to  all  electric  clocks  and  galvanometer  relays. 

Very  many  chronographs  have  been  introduced  by  Breguet, 
Martin  de  Brettes,  Qloesener,  Siemens,  Lissajous,  Marcel  Deprez, 
Marey,  Hipp,  Comu,  and  Bouleng^.  In  the  last  a  weight  falls 
freely  in  a  vertical  direction,  and  the  intervals  of  time  are 
measured  off  upon  a  scale.  Hughes's  type  printer  (261)  makes  an 
excellent  chronograph. 

(299).  Sleotrio  Tliemioineters. — An  instrument  which  may 
be  used  for  determining  the  temperature  at  different  depths  in  the 
sea,  and  for  other  similar  purposes,  was  shown  at  the  International 
Exhibition  of  1862  by  Siemens,  Halske,  and  Go.  It  is  called  an 
electric-resistance  thermometer,  the  change  of  resistance  which 
metals  undergo  with  a  change  of  temperature,  being  made  use  of 
to  indicate  the  temperature  of  the  met^. 

Two  perfectly  similar  coils  of  insulated  wire  are  enclosed  in  two 
hermetically-sealed  copper  cases.  One  is  placed  on  the  spot  of  which  the 
temperature  is  required  and  the  other  in  a  bath  of  water.  The  temperature 
of  the  bath  is  altered  until  the  resistance  of  the  two  cuils  is  exactly  equal, 
an  equality  which  can  readily  be  tested  by  a  resistance  galvanometer.  The 
temperature  of  the  bath  will  then  clearly  be  equal  to  that  of  the  spot  where 
the  first  resistance  coil  is  placed.  The  connections  are  made  with  very 
thick  copper  wire,  so  that  their  resistance  shall  have  little  or  no  influence 
on  the  result.  The  wires  are  coiled  on  an  open  copper  cylinder  of  consider- 
able diameter  and  length,  so  as  to  expose  a  large  surface  to  the  air  or  water 
in  which  they  are  placed.  They  in  consequence  take  the  temperature  of 
the  surrounding  medium  with  great  rapidity. 

An  electric  self-registering  thermometer,  which  is  an  applica- 
tion of  Breguet's  metallic  thermometer,  was  also  exhibited  by  the 
Telegraphen-Werkstatte  of  Berne  (Switzerland).  In  this  instru- 
ment the  registering-paper  is  marked  by  the  steel  point  of  an  index, 
carried  by  the  outer  end  of  a  spiral  formed  of  two  metal  strips 
(brass  and  steel)  soldered  together,  the  inner  end  of  the  spiral  being 
fastened  to  a  brass  standard.  The  paper,  a  wide  strip  about  140 
yards  in  length,  is  unrolled  and  passed  under  the  steel  point  by 
two  brass  rollers,  one  of  which  is  connected  with  a  ratchet-wheel. 
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The  paper  is  marked  by  an  electro-magnet  and  armature ;  a  mo- 
mentary voltaic  current  is  sent  round  the  magnet  at  fixed  intervals 
by  a  clock  with  suitable  contacts.  A  lever  fixed  to  the  armature 
strikes  down  the  end  of  the  index  at  the  moment  when  the  current 
passes,  and  so  prints  a  dot  on  the  paper ;  when  the  current  ceases, 
a  paul  fixed  to  the  armature  moves  the  ratchet-wheel  one  tooth 
forward,  carrying  the  paper  along  with  it  Two  millimetres  on 
the  paper  are  equivalent  to  one  degree  centigrade.  A  little  fixed 
wheel  impresses  a  straight  line  in  the  centre  of  the  strip  of  paper, 
from  which  the  deviations  of  the  curves  formed  by  the  dots  can  be 
measured. 

(300)  Bemminr's  Bleotrio  Target. — The  target  is  divided 
into  any  number  of  sections  required,  and  behind  each  section  a 
little  ball  or  hammer  is  hung,  touching  the  plate,  or  a  bolt  rigidly 
connected  with  it.  The  plates  forming  each  section  are  separately 
supported,  so  that  when  one  is  struck  or  shaken  the  others  do  not 
move.  When  any  plate  is  struck,  its  ball  or  hammer  flies  back 
under  the  influence  of  the  vibration,  and  for  a  short  time  completes 
a  circuit  which  includes  a  wire  leading  to  the  firing  station,  a 
battery  and  an  indicator  or  receiving  instrument  of  some  kind. 
Each  plate  has  a  separate  conducting  wire  and  indicating  needle. 
The  conducting  wires  are  generally  small  copper  wires  insulated 
with  india-rubber  or  gutta-percha,  and  twisted  into  some  form  of 
cable.  These  targets  have  been  practically  tested,  and  are  found 
to  answer. 

(301)  Tlie  Slectrio  Ziogr. — In  this  instrument,  invented  by 
Siemens,  Ilalske,  and  Co.,  electricity  is  used  to  convey  a  signal  to 
a  step-by-step  propelment  or  escapement  inside  the  ship,  from  an 
ordinary  Masse/s  patent  log,  at  say  every  hundred  turns  of  the 
vane,  or  at  any  other  given  fraction  of  a  knot.  An  insulated  wire 
is  led  from  the  ship  to  a  train  of  wheel  work  contained  in  an  air- 
tight case,  and  driven  by  the  vane  of  the  log.  This  wheelwork 
makes  the  contact  required  at  regular  intervals,  and  these  are 
marked  by  the  index  of  the  step-by -step  instrument  on  board  the 
ship.  The  log,  therefore,  need  never  be  drawn  in  to  be  consulted, 
and  the  captain  can  at  any  time  observe  the  speed  of  the  ship. 

(302)  Slectrio  Break  for  Railway  Trains. — In  this  instru- 
ment, which  is  the  invention  of  M.  Achard  (Paris),  the  electric 
current  is  not  directly  employed  to  produce  the  friction  or  retard- 
ing force,  but  the  required  power  is  obtained  from  the  momentum 
of  the  train  itself  by  letting  a  cam  on  one  of  the  axles  of  each 
carriage  work  a  paul,  which  turns  a  second  shaft  round  by  means 
of  a  ratchet-wheel  upon  it.  This  second  shaft,  by  winding  up  a  chain, 

puUa  the  friction-blocks  against.  \)[ift  fvxsiol  ^Jaa  ^^.Tms^^^Wok  \mtil, 
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by  the  stoppage  of  the  axle,  further  action  is  prevented.  Electri- 
city only  comes  into  play  in  so  far  as  it  is  used  first  to  determine 
the  moment  at  which  the  paul  shall  hegin  to  act ;  and  secondly,  to 
release  the  chain  and  so  taJce  off  the  hreak  at  the  moment  required. 
The  first  ohject  is  very  simply  attained.  The  paul  is  on  one  end 
of  a  lever,  rocking  freely  on  the  ratchet-shaft.  A  prolongation  of 
the  other  end  of  this  lever  is  pressed  by  a  spring  against  the  cam 
on  the  axle.  "When  the  axle  revolves,  this  spring  keeps  the  lever 
against  the  excentric  surface  of  the  cam,  and  so  rocks  the  lever 
and  works  the  ratchet  by  the  paul ;  a  soft-iron  armature  is  attached 
to  the  other  end  of  the  lever,  which,  as  the  lever  rocks,  slides 
backwards  and  forwards  over  the  pole  of  an  electro-magnet.  The 
cam  always  pushes  this  slide  back  to  its  furthest  limit  in  spite  of 
any  attraction  of  the  magnet,  even  when  a  current  is  circulating 
round  the  coils;  but  when  the  cam  recedes,  the  spring  is  not 
stoong  enough,  while  the  current  circulates,  to  pull  the  slide  for- 
ward again,  and  it  consequently  remains  motionless  at  the  farthest 
point,  so  that  the  paul  is  no  longer  moved.  A  current  passing 
round  the  electro-magnet  thus  prevents  the  break  from  being 
applied,  or  stops  its  further  application ;  but  the  moment  the  cur- 
rent is  interrupted,  the  spring  works  one  end  of  the  lever,  pulling 
the  slide  forwards.  The  paul  takes  up  successive  teeth  of  the 
latchet,  and  the  break  is  applied  with  more  and  more  force  until 
the  wheel  is  stopped. 

The  break  is  released  by  means  of  a  second  system  of  electro- 
magnets. The  ratchet-wheel  is  not  rigidly  fixed  to  the  shaft  on 
which  the  break-chain  is  wound,  but  is  connected  with  it  by  what 
may  be  called  an  electro-magnetic  fiiction  clutch.  The  flat  poles  of 
a  number  of  electro-magnets  fixed  to  and  round  the  shaft  come 
against  the  flat  faces  of  a  disc  of  iron  attached  to  the  ratchet- 
wheel.  When  a  current  is  established  round  these  electro-magnets, 
the  disc  adheres  very  tightly  to  them,  and  this  is  the  case  when 
the  ratchet  is  used  to  put  on  the  break,  but  the  moment  the  current 
is  interrupted  in  this  second  circuit,  there  is  no  force  to  hold  up 
the  break-blocks,  which  fall  back  from  the  wheels  by  their  own 
weight,  turning  the  shaft  round,  and  unwinding  the  chain.  Thus 
there  are  two  circuits,  which  may  be  called  the  paul  circuit  and 
the  clutch  circuit.  Nominally  the  current  is  established  through 
both :  if  the  first  be  interrupted,  the  break  is  put  on  either  slightly, 
if  the  interruption  last  but  a  little  while,  or  so  strongly  as  to  stop 
the  wheel  if  the  interruption  continues ;  a  short  interruption  in  the 
second  circuit  again  takes  off  the  break.  The  same  circuits  may 
be  employed  for  all  the  carriages,  or  the  trains  might  be  divided 
into  short  sections^  each  with  a  separate  pair  of  circuits.    The 


592      MISCELLANEOUS   APPLICATIONS  OF   ELECTBICITT. 

wires  of  the  paul  circuit  might  be  so  placed,  that  passengers,  in 
case  of  great  danger,  might  cut  them,  and  so  apply  the  breaks. 
Many  alterations  and  improvements  have  been  made  in  this  appa- 
ratus, but  it  has  only  been  partially  employed. 

(303)  Tlie  Blectrio  Self-aetliic  Boiler  Feed. — ^This  is  also 
the  invention  of  M.  Achard,  and  was  shown  .by  him  at  the  Inter- 
national Exhibition  of  1862.  A  voltaic  current  is  employed  simply 
to  stop  or  hold  an  armature.  When  the  armature  is  loose,  one  of 
two  pauls,  constantly  worked  from  the  engine,  turns  a  segmental 
ratchet,  opening  the  feed-cock ;  but  when  the  armature  is  held  by 
the  passing  of  a  current  through  an  electro-magnet,  one  paul  is 
thrown  out  of  gear,  and  the  second  paul  into  gear,  working  a 
second  segmental  ratchet  which  shuts  the  cock.  When  the  cock 
is  either  fully  open  or  fully  shut,  the  paul  in  gear  works  in  a  blank 
space.  The  connections  are  made  or  broken  by  a  float,  mechanically 
connected  with  a  commutator  outside  the  boiler ;  if  the  circuit  fail 
at  any  point,  or  if  the  battery  become  too  weak,  the  worst  that  can 
happen  is,  that  the  armature  would  be  relieved  permanently,  so 
that  the  boiler  would  get  filled  with  water.  Moreover,  M.  Achard 
uses  a  second  armature,  worked  by  tha  same  current,  to  ring  a  bell 
when  the  current  is  interrupted,  in  which  case  it  rises  and  falls  with 
an  oscillating  lever  driven  by  the  engine,  and  at  each  fail  causes 
one  beat  of  the  bell.  When  the  current  is  re-established,  this 
armature  is  held  up  out  of  the  way  of  the  oscillating  lever,  and  the 
bell  stops  ringing.  This  current  is  interrupted  by  the  float  when 
the  boiler  is  too  full  or  too  empty.  The  bell,  in  either  case,  acts  as 
an  alarum,  and  it  also  draws  attention  to  any  accident,  in  con- 
sequence of  which  the  connecting  wires  may  have  been  broken  or 
the  battery  become  too  weak. 

This  electrical  apparatus  seems  as  certain  in  its  action  as  any 
mechanical  construction  ;  indeed,  if  a  failure  can  possibly  occur  in 
any  part  without  being  at  once  discovered,  it  would  be  in  the 
float,  which  might  possibly  stick  instead  of  following  the  surface 
of  the  water.  This  apparatus  has  been  successfully  applied  in 
France. 

.(304)  Slectrio  Hydrostattmeter. — This  instrument,  designed 
to  show  the  level  of  water  in  a  cistern  by  an  index  placed  in  any 
required  position  at  a  distance  from  the  cistern,  is  the  invention 
of  MM.  Mouilleron  and  Vinay.  An  electric  circuit  is  made  and 
broken  by  a  float  which  sends  positive  currents  at  certain  inter- 
vals as  it  rises,  and  negative  currents  at  the  same  intervals  while 
falling.  The  positive  currents  move  the  index  of  a  step-by-step 
dial  instrument  in  one  direction,  and  the  negative  currents  move 
the  index  in  the  op^aVle  ^vt^^^ksm.   '\!\\a  ^'^^^vrsa?^  oj^i^aratus 
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is  very  simple:  two  polarised  electro-magnets,  on  Siemens's 
system  (258),  are  so  arranged  that  the  armature  of  one  works  a 
ratchet-wheel  in  one  direction,  while  the  armature  of  the  other 
'works  a  similar  ratchet-wheel  on  the  same  axle  in  an  opposite 
direction ;  the  two  coils  are  both  on  one  circuit,  but  the  positive 
current  alone  moves^  one  armature,*  and  the  negative  current  the 
other ;  the  opposite  currents  simply  press  the  motionless  armatures 
harder  againet  their  stops — a  position  in  which  their  pallets  are 
clear  of  the  ratchet-wheels.  The  ratchet  is  prevented  from  turning 
when  the  armature  pallets  are  clear  of  them,  by  a  little  spring 
fnction  pallet 

The  transmitting  part  of  the  hydrostatimeter  is  somewhat  com- 
plicated. As  long  as  the  float  continues  to  rise,  it  sends  at  definite 
intervals  of,  say,  three  inches  momentary  positive  currents ;  when 
nearly  stationary,  it  may  osciUate  up  and  down,  sometimes  two 
inches  lower,  and  sometimes  two  inches  higher  than  the  level  at 
which  the  last  current  was  sent,  without  sending  any  current ;  it 
must  fall  or  rise  fully  three  inches  after  sending  a  given  current 
before  it  sends  any  fresh  current.  Moreover,  when  it  has  risen 
three  inches  it  will  always  send  currents  of  opposite  name  to  those 
sent  after  a /a//  of  three  inches. 

(305)  Bleotrio  BngrraTlngr  Maobine. — A  machine  for  engrav- 
ing the  cylinders  of  copper  or  brass  employed  in  printing  woven 
fabrics  and  paper  hangings,  an  invention  of  French  origin^  has 
been  introduced  in  some  places.  The  voltaic  current  is  used 
to  determine,  by  means  of  electro-magnets,  the  slight  simultaneous 
advance  or  withdrawal  of  any  number  of  engraving  diamond 
points  to  or  from  the  varnished  surface  of  the  coppar  rollers  to  be 
engraved,  according  to  the  position  of  a  corresponding  metal  con- 
tact point  on  the  nonconducting  surface  of  a  prepared  pattern. 
The  pattern  and  cylinder  to  be  engraved  are  moved  mechanically 
in  concert,  and  the  proportion  of  their  relative  movements  can  be 
varied  by  mechanical  adjustment.  The  engraving  points  have  a 
slight  vibrating  motion  given  to  them,  which  scratches  off  the 
varnish  whenever  brought  into  contact  with  it,  and  produces  a 
series  of  fine  zigzag  lines,  which  facilitate  the  retention  of  the  pasty 
colouring  matter  used.  The  prepared  pattern  determines  the 
moments  at  which  this  contact  occurs ;  and  the  concert  between 
the  movements  of  the  pattern  and  the  roller  produces  a  similar 
agreement  between  the  pattern  and  the  figures  engraved,  which 
may  clearly  be  made  larger  or  smaller  than  the  pattern  in  any 
desired  propoilion  and  in  any  required  number.  The  copper  when 
exposed  is  afterwards  etched  by  an  acid  bath. 

(306)  Bleotrto  Zioom. — This  extremely  ingenious  contrivancei 
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in  whicli  the  usaal  Jacquard  cards  are  replaced  by  an  electrical 
arrangement,  worked  by  a  pattern  prepared  in  tinfoil  with  insulat- 
ing varnish,  is  the  invention  of  Oav.  G.  BoneUi,  of  Turin. 

A  simple  metal  plate,  perforated  with  holes,  each  of  which  is 
provided  with  a  kind  of  piston,  successively  plays  the  part  of  each 
successive  paper  card  in  the  usual  arrangement.  The  pistons  fill 
up  every  hole  that  is  not  required,  but  are  withdrawn  by  electro- 
magnets from  those  holes  wMch  require  at  each  beat  of  the  loom 
to  be  kept  open.    This  is  effected  as  follows : — 

A  sort  of  metal  comb,  each  tooth  of  which  is  the  terminal  of  a  separate 
insulated  conducting  wire,  rests  on  the  prepared  pattern.  Whenever  a  tooth 
touches  the  tinfoil,  a  circuit  is  completed  through  its  conducting  wire  *  but 
where  a  tooth  rests  on  the  varnish,  the  circuit  is  broken.  Each  conducting 
wire  includes  in  its  circuit  an  electro-magnet.  The  pistons  already  spoken 
of  are  each  composed  of  a  small  soft-iron  shank,  and  brass  button  shaped 
head,  and  are  all  held  horizontally  in  a  frame,  one  opposite  each  electro- 
magnet. In  one  position  of  this  frame,  the  heads  of  these  pistons  project 
through  the  openings  of  the  metal  card  or  perforated  plate  ;  the  diameter  of 
each  pole  is  a  little  larger  than  the  head  of  the  corresponding  piston,  each 
piston  being  exactly  in  the  centre  of  its  corresponding  pole.  In  this  same 
position  all  the  soft-iron  shanks  touch  the  poles  of  the  corresponding 
magnets,  and  the  metal  comb  rests  on  the  prepared  pattern. 

A  certain  number  of  the  electro-magnets  corresponding  to  the  uncovered 
portions  of  the  tinfoil,  are  therefore  active  and  attract  the  shanks,  but  the 
others  exert  no  attraction.  The  frame  with  the  pistons  is  now  pulled 
forward  away  from  the  magnets ;  those  pistons  which  are  opposite  the 
active  magnets  are  held  back,  sliding  in  their  frame,  so  that  their  button- 
heads  pass  behind  the  perforated  plate ;  but  the  other  pistons  come  forward 
with  the  frame  leaving  the  magnets.  The  perforated  plate  then  drops  a 
little  wa3%  and  by  this  simple  contrivance  all  those  piston-heads  that  were 
in  front  of  the  plate  are  retained  there,  whatever  pressure  comes  against 
them,  for  they  are  now  excentric  from  the  poles.  The  plate  in  this  condition 
presents  a  perfect  analogy  with  the  common  prepared  card.  A  certain 
number  of  holes  corresponding  to  the  metallic  part  of  the  pattern  are 
vacant ;  the  rest  of  the  holes  are  blocked  up,  and  present  an  unbroken  surface 
by  which  the  proper  hooks  of  the  Jacquard  loom  are  acted  on  during  one 
stroke.  The  perforated  plate  is  then  brought  back  to  the  position  first 
(lesci  ibed,  the  prepared  pattern  is  moved  on  a  little  step,  and  the  same 
process  repeated. 

When  shuttles  with  several  different  colours  are  to  be  used, 
the  pattern  is  subdivided  into  insulated  portions  corresponding  to 
the  separate  colours,  by  removing  a  very  thin  outline  of  foil  round 
each;  all  the  parts  corresponding  to  one  colour  are  afterwards 
connected. 

As  each  shuttle  is  thrown,  the  battery  is  brought  in  contact 

with  the  appropriate  seiiea  of  msvilated  ijatches  of  tinfoil,  producing 
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ward  until  all  the  colours  are  exhausted.  After  the  completion  of 
each  fresh  combination  on  the  perforated  plate,  the  battery-circuit 
is  broken  by  a  proper  contact-breaker,  and  the  injurious  spark  is 
thus  avoided,  which  would  otherwise  occur  when  the  comb  is 
lifted  from  the  pattern  prior  to  a.shift. 

(307)  Conolndinr  Semarks. — It  is  impossible    within  the 
limits  of  this  work  to  record  all  the  applications  of  electricity  to 
usefid  purposes.    Thus  it  has  been  applied  to  register  meteoro- 
logical observations  by  Wheatstone,  Du  Moncel,  Salleron,  Herv^ 
Mangon,  Hardy,   Hough,  Reynard,  Quiot,  Morin,   Hipp,  Liais, 
Secchi,  Wild,  and  many  others.    It  has  been  employed  to  record 
earthquake  phenomena  by  Palmieri,  and  most  physical  phenomena 
are  observed  and  recorded  by  its  means.    It  is  used  in  our  homes 
as  an  article  of  household  furniture  to  ring  bells,  to  convey  orders, 
and  to  indicate  localities.    It  has  been  employed  in  the  automatic 
performance  of  musical  instruments,  to  record  votes  in  assemblies 
like  the  French  House  of  Commons,  to  indicate  the  progress  and 
state  of  the  game  in  billiard  rooms,  and  for  other  innumeralble 
purposes. 
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a  magnetic  phenomenon,  106 

influence  of,  on  the  magnetic 

needle,  106 
Automatic  telegraph,  Wheatstone's, 

480 
Azimuth  compass,  132 


Babbage  on  the  development  of 
magnetism  by  rotation,  308 

Babington's  compound  voltaic  bat- 
tery, 181 

Back  stroke  of  lightning,  91 
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Bain  on  the  conductibility   of  the 

earth,  448 
Bain's  electric  dock,  577 
Barlow,  his  variation  chart,  136 

—  on  the  diflturbance  of  the  telegraph 

needle  by  earth  currents,  no 
Batteries,  electromotive  force  of,  434 

—  magnetic,  128 

—  telegraphic,  428 

Batteiy,  application  of  Ohm's  law, 
201 

—  arrangement  of,  for  electro-metal- 

lorgj,  229 

—  Babington's,  181 

—  Bonsen's,  179 

—  Byrne's,  434 

—  Callan's,  187 

—  Calland's,  433 

—  Chntanx,  433 

—  Crosse's  water  battery,  188 

—  Cmickshank's,  181 

—  Darnell's,  177,  182,  428 

—  De  la  Rae's,  383 

—  Fuller's  mercury  bichromate,  431 

—  Grove's,  178, 184,  192 
gas,  192 

—  Leclanch^s,  429 

—  Leyden,  44 

—  Lockwood's,  432 

—  Marie  Davy,  178,  434 

—  Minotto's,  430 

—  Muirhead's    *  chamber '    Daniell, 

428 

—  original  cylindrical,  175 

—  Pepys's,  175 

—  polar  tension  of,  190 

—  secondary,  polarisation  of,  190 
Plant^'s,  191 

-^  Smee's,  176,  183 

Walker's  modification  of,  184 

—  the  water,  188 
Gassiot's,  188 

—  theory  of,  170 

—  thermo-electric  (see  Thermo-piles) 

—  Volta's,  167,  180 

—  Walker's,  429 

—  Wollaston's,  182 
Baumgartner    on    the    direction   of 

atmospheric  electric  currents  along 
telegraph  wires,  no 
JJeardslee's  electric  fuse,  346 


Beatson  on  the  sounds  produced  dur- 
ing the  magnetisation  and  demag- 
netisation of  iron,  386 

Beccaria's  description  of  the  pheno- 
mena of  a  thunderstorm,  87 

—  observations  on  atmospheric  elec- 

tricity, 74 
Becquerel     on    decompositions    by 
feeble  currents,  225 

—  on  the  electricity  of  plants,  162 

—  on  the  laws  of  thermo-electric  cur- 

rents, 404 

Bell's  telephone,  557 

Bells,  electric,  47,  418 

Bird's,  Dr.  GroMng,  experiments  on 
electro-crystallisation,  227 

Birt  on  atmospheric  electrical  rid- 
ings at  the  Kew  Observatory,  73 

BisiJts,  electrolysis  of,  236 

Bismuth  a  diamagnetic  substance, 
398 

—  movements  of,  under  the  influence 

of  the  magnet,  300 

Block  signals  on  railways  (see  Train 
signalling) 

Bohnenberger's  electroscope^  78 

Boiler  feed,  electric  self-acting,  593 

Bonelli's  electric  loom,  593 

B^ttger's  apparatus  for  illustrating 
the  action  of  magnetism  on  light, 
292 

Bouleng^s  chronograph,  589 

Break,  railway  electric,  590 

Breguet  on  influence  of  atmospheric 
electricity  on  the  electric  tele- 
graph, 109 

Breguet's  electric  clock,  584 

—  lightning  conductor,  112 
Bridge    or    parallelogram.    Wheat- 
stone's,  202 

Bright  on  the  system  of  underground 
wires  adopted  by  the  Magnetic 
Company,  444 

Bright's  acoustic  telegraph,  468 

—  insulator,  437 

—  magnetic  telegraph,  465 

Buff''8    apparatus   for    passing    the 

spark  current  through  gases,  370 
Bunsen's  carbon  battery,  179 

—  thermo-electric  pile,  397 
Biflliar  torsion  balance,  8 
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"Brush  discharge,  35 
Byme*8  battery,  434 


Cable,  the  submarine  (see  Sub- 
marine telegraphy)  , 

Callan's  prodigious  cast-iron  battery, 
187 

Callaud's  battery,  432 

Candle,  electric,  567 

Carbon  telephone.  560 

Carbonic  acid,  electrical  spectrum  of, 
386 

Cascade,  electrical,  371 

Cast-iron  voltaic  battery,  187 

Charge  and  discharge  of  telegraph 
wires,  521 

—  free,  48 

Chemical  action  in  voltaic  circles,  171 

—  effects  of  frictional  electricity,  68 

—  powers  of  the  voltaic  pile,  212 

—  theory  of  voltaic  pile,  170 
Chlorides,  electrolysis  of,  235 
Chronograph,  Botdeng^s,  589 
Chronographs,  ELrille^s,  588 
Chronoscopes,  Harday*8,  587 

—  Navez's,  587 

—  Noble's,  588 

—  Pouillet's,  588 

—  Wheatstone's,  586 
Chutaux's  battery,  433 
Circle,  galvanic,  175 

—  voltaic,  171, 180. 192 
damond's  thermo-electric  pile,  399 
Clark,  Latimer,  on  lateral  induction, 

S3 

—  —  on  electrical  expressions,  197 

on  electromotive  force  of  bat- 
teries, 434 

on  the  retardation  of  signals, 

516 

—  /—on  the  velocity  of  the   trans- 

mission of  signals  through 
submarine  cables,  516 

his  experiments  on  the  charge 

and  discharge  of  cables,  518 

his  experiments  on  the  reten- 
tion of  charge  by  submarine 
cables,  518 

on  the  measurement  of  induc- 
tion in  submarine  cables,  518 


Clark,  Latimer,  on  the  laws  regu- 
lating the  quantity  of  charge 
which  enters  a  cable,  527 

Clark's  differential  inductometer,  522 

—  L^  insulator,  437 

compound    for    protection    of 

wire,  508 
Clocks,  electric,  577 
Code,  Morse  telegraph,  453 
Coil  machines,  electro-magnetic,  356 
Coils,  Henry's,  354 
Compass,  the  Admiralty,  133 

—  the  inclination,  134 

—  the  land,  132 

—  the  mariner's,  132 

—  the  variation,  134 
Condenser,  19 

—  charging  of,  by  induction  coil,  389 

—  functions  of,  in  Ruhmkorff 'b  in- 

duction coil,  361 

—  Volta's,  19 

Conducting  body,  rotation  of,  round 
its  axis,  281 

—  power  of  bodies,  order  of,  2 

—  wire,  rotation  of,  round  a  magnet, 

281 

—  wires,  mutual  attraction  of,  272 
Conductor,  atmospheric  electrical,  at 

Greenwich  Observatory,  75 
at  Kew  Obaervator}',  75 

—  movable,  ""tion  of  fixed  magnet 

on,  266 

—  of  submarine  cables,  499 
Conductors,  2 

—  lightning,  91 

Harris's  illustrations  of  the  ac- 

ti>}n  of,  92 

for  ships,  94 

Consecutive  magnetic  poles,  123 
Contact  theory,  insufficiency  of,  170 
Cooke  and  Son's  system  of  electric 
clocks,  585 

—  and  Wheatstone,  their  five-needle 

telegraph,  411 
their     single-needle     tele- 
graph, 413 
their     double-needle    tele- 
graph, 418 

on  the  earth  circuit,  448 

Copper  and  gutta-percha,  relative  ro- 
sistances  of,  502 
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Copper,  MTMtin^  power  of  iadiMed 
ftiirrMi»t«  on,  399 

—  determinatiofi  of  the  eondnetiiig 

powwr  of,  501 

—  proteetioii  <s^^  on  tlkips'  bottmas, 

"  jiQlphate,  ileetrotyniji  o<^  335 

'—  varUtion  in  the  eondnetinj: power 

O^rdeanx's  '  screw '  inmilator,  439 
Coulomb'ft  l«w  of  tUetiieal  aUnetioia 

Bind  repnlmon,  7 
'-^  method  of  making  aniiSeial  mag- 
net<i,  lao 

—  theory  of  magnetumi,  273 

>-  torsion  balance  electrometcT,  6 
CroMe's  aceoont  of  an  eleetiieal  fog; 

—  —  of  the  phenomena  ohserred  on 

the  approach  of  a  tbonder- 
eloiid,83 
'^  experiments  on  electro-crystalli- 

sationft,  336 
'^  method  of  examining  the  dectri- 
cal  state  cff  the  lower  atmo- 
spherft,  83 

—  wat^,r  bat-tfrry,  188 
<'rijir:k«hank'.«i  battery,  t8i 
(>y«t.al ligations  by  feeble  CDirenta, 

('urnminjf,  VrofHMor,  on  the  thermo- 

^rW;<;trir:  M-ricA  of  metals,  394 
Currents,  angular,  laws  of,  269 

—  (!leetrical,  meaning  of  term,  197 

—  extra,  353 

—  meaflurement  of  charge  and  dis- 

ehar^e,  521 

—  of   the    third,   fourth,   and    fifth 

orrJerH,  355 

—  parallel,  mutual  action  of,  268 

—  «eeon da  ry,  354 

—  MinuouH,  270 

—  volfnir,  magnetic  properties  of,  283 
Cutiibertson's   balance  electrometer, 

43 

—  i^^den  jar  battery,  45 


DAMnAiiD  first  obtained    a    spark 
from    an    atmospheric    e\cc\nc«\ 
exploring  apparatus,  86 


copper  simple  batrezy,.  vjj 


oa  t^  deetn^yasB  ef  a^fca^  234 

I>Kr7,  Sir  H^  hia  pin  of  proteetnij; 

eopper  on  blips'  boctooa,  174 
<m  the  rhenriraf  aesemaeaof 
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I>ee&iatioa  magnet,  135 
DeeompositioD,  rhipmfral,  lny  vnltaie 
pile,  313 

—  of  gaaeoos  eoapoonds  Ij-Aetne 

spark,  370 
DeeompoeitioDa  by  ft^bie  cmataktM, 

325 
Definite  eleetro-ehenneal 
I>eflagrataoa  of  metala,5x 
De  la  Kire'a  experimenta  an 

are,  346 

—  illiistratioa  of  tiie  annica,  100 

—  theory  of  the  aonxa,  105 

—  ^  cf  magnetiam,  376 
De  la  Roe's  battery,  ^ 
De  Luc's  dry  *  pile,'  167 
Dial  telegraphs,  470 
Diamagnetic  action,  modification  ci, 

by  mechanical  arrangement,  300 

—  bodies,  list  of,  295,  300 

—  polarity,  300 
Diamagneti^m,  291 

—  of  gases,  296 

Differential  galvanometer,  the,  262 

—  inductometer  (Clark's),  522 
Dipping  needle,  construction  of,  134 
Directive  force  of  magnets,  122,  129 
Discharge,  brush,  Faraday's  investi 

gations  relating  to,  35 
shown  by  VVheatstone  to  be  in- 
termitting, 35 

—  condition  of,  at  the  negative  ter- 

minal, 379 

—  disruptive,  32,  250 

at  positive  and  negative  sur- 
faces, 37 

—  from  telegraph  wires,  521 

—  glow,  36 

—  lateral,  54 
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I  ischarge  spark,  inflaenced  by  pres- 
sure or  density  of  air,  33 
illustrations  of,  34 

—  stratification  of  induced  current 

in  vacua,  372 
cause  of,  380 

—  voltaic,  interruption  of,  in  vacuo, 

by  the  magnetic  force,  254 
Discharger,  Henley*s  universal,  44 
Discs,  inductive  action  of,  21 
Disruptive  discharge,  239 

before  contact,  250 

Dissimulated  electricity,  54 
Distributicm  of  electricity  on  the  sur- 
faces gS  electrified  bodies,  18 
Diurnal    changes    in    atmospheric 

electricity,  72 
Divided  ring  electrometer,  528 
Double-touch  method  of  magnetising, 

119 
Dry  pile,  the,  167 

source  of  power  in,  169 

Dn  Bois  Reymond's  researches  in 
electro-physiology,  153, 157 

—  galvanometer,  258 
Duboscq's  electric  lamp,  243 
Duhamel's  method  of  making  artifi- 
cial magnets,  119 

Dumas  and  Benoit's  mode  of  apply- 
ing electric  light  for  mining 
purposes,  388 

Duplex  telegraphy,  548 

Dynamic  force,  conversion  0^  into 
electrical  force,  328 

Dynamo-electric  machines,  Wilde*s, 

319*  328 

Siemens's,  328,  335 

for  exploding  mines,  blast- 
ing, Ac,  342 

—  —  Whe.Htstone's,  330 

Ladd's,  333 

Gramme's,  338 

Tisley's,  334 

Dvnamo-electricity,  theory  of,  273 


ICarth  circuit,  the,  411,  448 

Bain's  experiments  on,  448 

.*— Cooke  and  Wheatatone  on, 

448 


BLE 

Earth  circuit,  the,  Steioheirs  dis- 
covery of,  448 
Matteucd's  experiments  on, 

449 
Gavarret's  theory  of,  450 

—  currents,  their  action  on  telegraph 
needles,  107 

Ebonite  disc  for  electrical  machine, 

28 
Edison's  curbon  telephone,  560 

—  quadruplex  system,  553 
Electric  alarums,  418 

—  and  magnetic  forces,  analogy  be- 
tween, 278 

—  bells,  47 

—  candle,  JablochkofiTs,  567 

—  clocks.  Bain's,  577 

Wheatstone's,  578 

Jones's,  579 

Ritchie's,  581 

Bregnet's,  584 

Shepherd's,  584 

Cooke  and  Son's,  585 

—  current,  efiects  of,  on  nerves,  156 
action  of  magnets  on,  266 

—  egg,  100 

—  engraving  machine,  593 

—  fishes,  158 

—  force  in  matter,  absolute  quantity 
of,  223 

—  fuses,  343 

—  hydrostatimeter,  592 

—  lamps,  243,  562 

Duboscq's,  242 

Holmes's,  243 

Serrin's,  562 

Siemens's,  563 

Rapieflfs,  564 

R^gnier's,  565 

Wallace's,  566 

Way's,  566 

JablochkoflPs,  567 

King's,  576 

—  light,  242 

intensity  of,  245 

from  magneto-electricity,  316 

562 

induction  coil,  388 

for  use  in  mines,  388 

by  incandescence,  576 

I subdivision  of,  576 
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Electric  log,  590 

—  loom,  593 

—  railway  break,  590 

—  self-acting  boiler  feed,  592 

—  spark  from  the  magnet,  31  r 
induction  coil,  369 

—  target,  590 

—  telegraph,  action  of  atmospheric 

electricity  on,  107 

—  telegraphs,  407 
Ronalds^s,  409 

Gauss  and  Weber's,  410 

Schilling's,  410 

Sdmmering's,  410 

Steinheil's,  411 

Cooke  and  Wheatstone's  five- 
needle,  411 

single-needle,  413 

double-needle,  418 

the  Morse  printing,  451 

Siemens  and  Halske's  modifi- 
cations of  the  Morse,  459 

Hughes's  type-printing,  460 

Henley's  magnetic,  464 

Bright's  magnetic,  465 

acoustic,  468 

Henley'H  dial,  470 

Froment's  alphabetical,  472 

Wheatstone's    universal    dial, 

475 
automatic,  480 

—  telegraphy,  early  notions  of,  407 
submarine,  485 

duplex  system  of,  548 

quadruplex  system  of,  553 

—  thermometers,  589 

—  waves,  525 

Electrical    accumulation,    laws    of, 

56 

Harris's     investigations 

on,  56 

—  attraction    and    repulsion,    Cou- 

lomb's law  of,  7 
Harris's  researches  on,  8 

—  battery,  44 

—  capacities  of  spheres  and  plates,  9 

—  cascade,  371 

—  current,  meaning  of  the  term.  196 

—  currents,  mutual  action  of  paral- 

lel, 268 
angular,  laws  of,  269 
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Electrical   discharge,  strati  ^ed,  in- 
fluence of  temperature  on,  377 
two  forms  of,  377 

—  discharges,  stratification  0^  372 

—  endosmose,  238 

—  fishes,  158 

—  fog,  phenomena  of,  83 

—  induction,  10 

—  intensity,  196 

—  machine,   Boyle  and   Otto  Gue- 

ricke's,  24 

the  glass  cylindrical,  24 

plate,  25 

Faraday's,  26 

Sir  Wm.  Snow  Harris's,  26 

constructed  for  the  late  Panop- 
ticon, 27 

relative  merits  of   platfl  and 

cylindrical,  27 

disc  of  ebonite  for,  28 

theory  of  the  action  of^  29 

hydro,  30 

—  quantity,  196 

—  repulsion,  measurement  of,  8 

—  resistance,  196,  207,  six 

—  spectra  of  gases,  385 

—  transfer  of  elements,  219 
Electricity,  accumulated,  experimen- 
tal illustration  of  eflfects  of^  46 

—  animal,  147 

—  apparatus  for  exciting  and  accu- 

mulating, 24 

—  atmospheric,  71,  114 

annual  and  diurnal  changes  in, 

72 

observations  on,  at  the  Kew 

Observatory,  72 

at  the  Royal  Observatory 

at  Brussels,  74 

of  Beccaria  and  Thomson 

on,  74 

instruments  for  examining,  75 

electrometers,  76 

gold-leaf  electroscope,  77 

the  distinguisher,  77 

Bohnenberger's  electroscope,  78 

Peltier's  electrometer,  78 

Thomson's  divided  ring  elec- 
trometer, 79 
common  house  electrometer. 
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Electricity,  atmospheric,  Thomson's 
simple  apparatus  for  observin^r,  81 

action  of,  on  the  wires  of  the 

electric  telegraph,  107 
-~  dissimulated,  54 

—  distribution  of,  on  the  surfaces  of 

electrified  bodies,  18 

—  equality  of,  on  inner  and  outer 

surfaces,  51 

—  frictional,  fundamental  phenomena 

of,  I 

illustrations    of  the  primary 

phenom^ia  of,  3 

opposite,  3 

vitreous  or  positive,  3 

resinous  or  n^ative,  4 

—  —  phTBiological  effects  of,  67 

chemical  effects  of,  68 

researches    of  Fara- 
day, 68 

magnetic  effects  of,  70 

—  magneto,  305 

—  miscellaneous  practical   applica- 

tions of,  577 

—  of  plants,  162 

—  resides  on  the  surface  of  electrified 

bodies,  16 

—  resistance  to  the  transmission  of, 

by  conductors,  53 

—  velocity  of,  61 

measurement  by  O'Mitchell, 

62 

Walker,  62 

Wheatston^  62 

Fizeau  and  GonneUe, 

63 

1 the    astronomers     of 

Greenwich  and 
Brussels,  63 

— the     astronomers    of 

Greenwich  and 
Edinburgh,  63 

ElectricuB  Silurus,  the,  162 

Electrified  bodies,  action  of,  on 
neutral  conducting  bodies  at  a 
distance,  10 

Electro-chemical  action,  220 

-^  —  definite,  220 

-^  —  secondary  results  of,  224 

—  classification  of  elements,  219 

—  telegraphs,  410 


Electro-crystallisation,  225 
Electrode,  water  as  an,  2x7 
Electrolysis  of  salts,  234 
Electrolytic  reduction  of  metnis,  227 
Electro-magnetic   action,   Faraday's 
preliminary  experiments  on,  280 

—  coil  machines,  356 

Henley  8,  358 

Ruhmkorff's,  359 

—  engines,  287 

Jacobi's,  288 

Page's,  288 

Froment's,  289 

—  force,  law  of,  265 

—  measure  absolute,  208 

—  rotations,  281 

—  semaphores,  422 
Electro-magnetism,  255,  264 

—  theories  of,  272 
Electro-magnets,  284 

—  laws  which  govern  the  forces  of, 

285 
Electro-metallurgy,  329 

—  battery  arrangement  for,  229 
Electrometer,    charging    and    dis- 
charging, 42 

—  Coulomb's  torsion  balance,  6 

—  Cuthbertson's  balance,  43 

—  divided  ring,  Thomson's,  79 

—  Henley's  quadrant,  42,  76 

—  Lane's  discharging,  42 

—  portable,  Thomson's  528 

—  the  common  house,  80 

Electrometers  for  examining  atmo- 
spheric electricity  (see  Electricity, 
atmospheric) 

—  Henley's,  76 

—  Peltier's,  yS 

Electromotive  force,  meaning  of  the 
term,  196 

of  batteries,  434 

Electrophorus,  its  construction,  13 

—  Phillips's  modification  of,  13 
Electro-physiology,  146 
Electro-plating,  232 
Electroscope,  Gilbert  and  Hatty's,  4 
modifications  of,  5 

—  Snow  Harris's,  5 
Electroscopes,  Bohnenberger's,  78 

—  gold-leaf,  77 

—  the  distinguisher,  77 
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Electroscopic  apparatus,  4 
Electro-thermometer,  56 
Elements,  electrical  transfer  of,  219 

—  electro-chemical  classification  of, 

219 
EUas's  method  of  magnetising  steel 

bars  by  the  voltaic  current,  121 
Eikington's  electro-depositing  works, 

232 
Endosmose,  electrical,  238 
Engine,  electro-mi^netic,  287 
Engraving  machine,  electric,  593 
Epinus's  method  of  making  artificial 

magnets,  120 

—  theor}'  on  magnetism,  272 
Exploring  conductors,  75 

—  wires,  83 
Extra-current,  the,  353 


Faraday,  electrical  terms,  212 

—  experiment  showing  chemical  de- 

composition without  contact  of 
metals,  165 

—  experiments   on    disruptive    dis- 

charge, 37 

with  electric  fishes,  161 

on  air  as  a  '  pole,'  218 

—  explanation  of  Arago's  rotations, 

308 

—  investigations    of   the    magnetic 

forces,  277 

—  on  charging  jars  by  the  induction 

coil,  389 

—  on    chemical    decomposition    b}' 

frictional  electricity,  68 
voltaic  electricity,  212 

—  on  definite  electro-chemical  action, 

220 

—  on  diamagnetic  polarity,  301 

—  on  electro-magnetic  rotations,  281 

—  on  free  charge,  54  / 

—  on  frictional  electricitv,  68 

—  on  places  of  no  magnetic  action, 

279 

—  on  terrestrial  magneto-electric  in- 

duction, 306 

—  on   the  action  of  magnetism  on 

light,  291 

—  on  the  action  of  the  magnel  on 

salts,  299 


Faraday  on  the  contact  and  chemical 
theories,  170 

—  on  the  general  magnetic  condition 
jf  matter,  294 

—  on  the  order  of  metals  in  relation 
to  the  magnetic  force,  299 

—  on  the  quantity  of  electric  force 
in  matter,  223 

—  on  the  voltaic  pile,  170 

—  plate  electrical  machine,  26 

—  preliminary  experiments  on  elec- 
tro-magnetic action,  280 

—  theory  of  induction,  14 
— *•  voltameter,  220 
Fishes,  electrical,  158 
Forbes,  Professor,  on  the  production 

of  a  spark  firom  the  natural  mag- 
net, 311 

Force,  electromotive,  196 

of  batteries,  434 

Franklin  on  lightning  conductors,  91 

Franklin's  kite  experiment,  85 

Free  charge,  48 

Frictional  electricity,  z 

Frog,  galvanoscopic  preparation  of, 
148 

Froment's  alphabetic  telegraph,  472 

—  electro-magnetic  engine,  289 
Fuller's   mercury  -  bichromate    bat- 
tery, 431 

Fuses,  electric,  Abel's,  343,  347 

Statham's,  344 

Beardslee's,  346 

Von  Ebner's,  346 


Galvani's  celebrated  discovery,  146 

—  theory  of  animal  electricit}',  147 
Galvanic  circle,  175 
Galvanometer,  Du  Bois  Reymond's, 

258 

—  Melloni's  method  of  graduating, 
258 

—  the,  general  principles  of,  255 

preparation  of  needles  of,  257 

astatic,  257 

tangent,  260 

sine,  261 

differential,  262 

\   —  T\vQiV£v%Q\i!  ^  x^^oGtlug^  262 


INDBX. 


60s 


OAL 


HEN 


Oalvanoscopic  frog,  preparation  of, 

148 
Gas  battery,  Grove's,  192 
—  production  of,  by  magneto-elec- 
tricity, 317 
Gaseous  compounds,  decomposition 

of,  by  the  induced  current,  370 
Ceases,    appearance  of  tiie  induced 

spark  in,  369 

—  diamagnetism  of,  296 

^  electrical  spectra  of,  385 
Gassiot,  his  apparatus  for  illuminat- 
ing by  induced  currents,  388 

—  his  electrical  cascade,  371 

—  his  experiments  with  the  water 

battery,  188 
—•  his  investigations  on  the  stratifi- 
cations in  electrical  discharges, 

374 
*—  on  the  cause  of  stratifications  in 

electric  discharges,  381 

—  on    the    formation    of  metallo- 

chromes,  233 

—  on    the  heat   developed    at  the 

poles  of  a  voltaic  battery,  253 
-^  on  the  int6miption  of  the  voltaic 
discharge  in  vacuo,  by  the  mag- 
netic force,  254 

—  on   the   luminous    discharge    of 

voltaic   batteries    in   carbonic 
acid  vacua,  251 

—  on  voltaic  electricity,  164 
Gauss  and  Weber's  electro-magnetic 

telegraph,  410 

—  on  the  moment  magnetism  of  the 

earth,  131 
Gavarret*s  theory  of  the  earth  cir- 
cuit, 450 
Glow  discharge,  36 
Gold-leaf  electroscope,  77 
Gramme's  d^niamo-electric  machine, 

338 

Gray's  telephone,  557 

Greenwich  Observatory,  observations 
at,  on  atmospheric  electricity,  75 

Grotthus's  h}^othesis  of  electro- 
chemical decomposition,  215 

Grove  on  stratified  electrical  dis- 
charges, 372 

—  on  the  cause  of  stratifications  in 
electrical  discharges,  380 


Grove's  batteries,  178, 184, 192 

—  modification   of  Volta's   experi- 

ment, 164 
Gutta-percha  and   copper,  relative 
resistances  of,  502 

—  covered  wire,  447 

—  insulating  properties  of,  502 
Gymnotus,  the,  159 

chemical    decomposition     by, 

i6i 
Faraday's   experiments   with, 

161 

magnetic  effects  of,  i6i 

shock  from,  i6i 

spark  from,  161 

Hansteen  on  the  variation  of  the 

needle,  136 
Hardy's  chronoscope,  587 
Harris,  Sir  Wm.  Snow,  on  lateral 

discharge,  55 
on  electrical  accumula- 
tion, 56 

on    the    phenomena   of 

lightning,  90 

on  the  laws  of  magnetic 

force,  130 
on  the  contact  and  che- 
mical theories,  171 
Harris's,  Sir  Wm.,  experiments  on 
force  of  attraction  and  repulsion,  8 

plate  electrical  machine,  26 

arrangement     of     Leyden 

jars,  41 

electro-thermometer,  56 

unit  jar,  56 

later  investigations,  59 

illustrations  of  the  action  of 

lightning  conductors,  92 

lightning     conductors    for 

ships,  94 
Heat,  absorption  and  generation  of, 
in  thermo-piles,  405 

—  development  of,  at  poles  of  yol- 

taic   battery  during  luminous 
discharges,  253 

—  effects  of  voltaic  pile,  239 
Hemming's  electric  target,  590 
Henley's  dial  telegraph,  470 

—  electro-magnetic  coil  machine^  35^ 
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Henley's  magnetic  telegraphs,  464 

—  quadrant  electrometer,  42 

—  universal  discharger,  44 

Henry  on  indnction  currents  by  at- 
mospheric electricity,  108 
Henry's  coils,  354 

—  researches   on   induced  currents, 

355 
Highton  on  underground  telegraphs, 

445 
Highton's  lightning  conductor,  112 

Hoffmann's  apparatus  for  passing  the 

induced    current    through    gases, 

370 
Holmes's  electric  lamp,  243 

—  magneto-electric  machine,  316 
Hughes's  microphone,  561 

—  type-printing  telegraph,  460 
Humboldt's   observations    on  atmo- 
spheric electricity,  72 

Hydro-electric  machine,  30 
Hydrogen,  electrical    spectrum    of, 
386 

—  strongly  marked  diamagnetic  con- 

dition of,  297 
Ilydrostatimeter,  electric,  592 


Illumination,  application  of  the  in- 
duced current  to,  388 
Incandescence,  electric  light  by,  576 
Inclination  compass,  134 
India-rubber,  insulating   power    of, 

503 
Induced  current,  phenomena  of,  369 

—  currents,  arresting  power  of,  298 

—  electricity,  10 

Induction,  an  essential  function  in 
the  development  of,  and  the  con- 
sequent phenomena  of  electricity, 
10 

—  at  different  points  in  a  cable,  526 

—  by  lightning,  107 

—  by  voltaic  currents,  305 

—  charge  in  a  cable,  laws  regulating 

the  quantity  of,  527 

—  coil  machine,  Henley's,  358 

Hearder's,  359 

Masson  and  Breguet's,  359 

— RuhmkorfTs,  359 

— condenser  of,  361 


TS8 

In  luction  coil  machine,  Ladd's,  362 

Ritchie's,  363 

Callan's,  364 

Apps's  large,  365 

spark  from,  in  air,  369 

in  liquids,  371 

in   rarefied   air    and 

gases,  371 
decomposition    of    gaseous 

compounds  by,  370 
illnmination   by  means  0^ 

388 
charge   of  condensers   and 

Leyden  jars  by,  389 

—  currents  produced  by  atmospheric 

electricity,  107 

by  the  discharge  of  a  Leyden 

jar,  108 

—  discharge  in  cables  used  to  mea- 

sure insulations,  529 

—  electrical,  10 

—  Faraday's  theory  of,  14 

—  in  telegraph  wires,  measurement 

of,  518 

—  lateral,  53 

—  law  of  action  of  discs,  21 

—  magnetic,  125 

illustrations  of,  126 

—  magneto-electric,  305 

—  relation  of,  to  the  matter  through 

which  it  is  exerted,  15 

—  retardation  of  signals  by,  516 

—  specific,  16 

—  static,  518 

—  terrestrial  magneto-electric,  306 
Inductive  action  of  discs,  laws  regu- 
lating, 21 

—  capacity,  specific,  15 

—  forces,  direct  and  reflective,  Har- 

ris's investigation  on,  21 
Influence  of  excited  bodies,  10 
Insulating    properties    of    different 

materials,  502 
Insulation,  i 

Insulator  of  the  submarine  cable,  501 
Insulators,  2 

—  Bright's,  437 

—  Clark's,  437 

—  Cordeau  >.'s,  439 
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Insulators,  Siemens's,  437 

Intensity,  electrical,  195 

Iron,  passive  state  of,  t-o  chemical 

action,  186 
—  sounds  during  the  ma^etisation 

and  demagnetisation  of,  286 
Isodj'namic  lines,  141 


Jablochkoff's  electric  candle,  567 
Jacobi  on  the  laws  which  govern  the 

forces  of  electro-magnets,  285 
Jacobi's  electro-magnetic  engine,  288 
Jars,  Leyden,  38 

charge  by  cascade,  48 

luminous,  49 

unit,  56 

arrangement  of,  for  continuous 

charging  and  discharging  by 
the  induced  current,  391 

for  giving  a  permanent 

charge,  391 
Jenkin,   Fleeming,  on    Weber    and 
Thomson's  absolute    electro-mag- 
netic measure,  208 
on  the  measurement  of  the  re- 
sistance of  conductors,  501 
of  induction  in  sub- 
marine cables,  522 

of  insulation  in  cables, 

528 
on   the  velocity  of  the  trans- 
missions of  signals  through 
submarine  cables,  518 

his  description  of   Thomson's 

electrometer,  530 
on  detection  of  faults  in  sub- 
marine cables,  541 
Joints,  method  of  testing,  525 
Jones's  electric  clock,  579 


Kew  Observatory,  exj^oring  con- 
ductor at,  75 

King's  electric  lamp,  576 

Knight's  method  of  making  artificial 
magnets,  119 

Knoblauch  on  the  modification  of 
magnetic  and  diamagnetic  action 
by  mechanical  arrangement,  300 

Krille'«  chronograph,  588 


Ladd's  dynamo-electric  machine,  333 

—  induction  coil,  362 

•  contact-breaker  for,  362 

Lamps,  electric,  243,  562 

Land  compass,  132 

Lane's  discharging  electrometer,  42 

Lateral  discharge,  54 

Harris's  illustrations  of,  55 

—  induction,  53 

Lead  chloride,  electro-chemical  de- 
composition of^  223 

Leclanch^'s  battery,  429 

Lenz  on  the  cold  produced  in  a 
thermo-electric  arrangement  of 
bismuth  and  antimony,  406 

—  on  the  laws  which   govern    the 

force  of  electro-magnets,  285 
Lej'den  battery,  arrangement  of,  44 

the  enormous  one  constructed 

by  Cuthbertson,  45 
management  of,  46 

—  jars    charged    by    the    induction 

coil,  389 

—  phial,  discovery  of,  38 
principles  of,  39 

charge  and  discharge  of,  40 

construction  of,  41 

Sir  Wra.  Harris's  method  of 

fitting  up,  41 
the  opposite  electrical  states  of 

inner  and  outer  coating  of, 

47 

charged  by  cascade,  48 

free  charge  of,  48 

charge  of,  resides  on  the  oppo- 
site sides  of  the  glass,  49 

luminous  or  spotted,  49 

powerful    mechanical   heating 

and  limiinoufl  efiects  of,  49 

deflagration  of  metals  by,  51 

equality  of  the  electrcity  on  the 

inner  and  outward  surfaces 

of,  SI 
Lichtenberg's  figures,  47 
Light,,  action  of  magnetism  on,  291 

BSttger's      apparatus 

for  illustrating,  292 

—  electric,  242 

—  production  of,  by  magnetic  elec- 

tricity, 316 
Lightning,  85 
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Lightning,  back  stroke  of,  91 

—  conductors,  91 

Franklin's  method  of  defending 

buildings  by,  91 
for  ships,  94 

—  —  for  telegraph  lines,  112 

Breguet's,  112 

Highton's,  112 

Walker's,  112 

American,  113 

used  by  the  Brunswick 

State  telegraphs,!  13 

—  Franklin's  experiment,  86 

—  Snow  Harris's  observations  on,  90 

—  varieties  of,  89 

Arago  on  the  phenomena  of, 

89 
Lines  of  magnetic  force,  123 
Loadstone,  the  natural,  118 
Locke's  thermo-electric  pile,  396 
Lockwood's  battery,  432 
Log,  electric,  590 
Loom,  electric,  593 
Lottin's  general  description  of  the 

aurora,  100 
Luminous  effects  of  voltaic  batteries, 

239,  242,  247,  253 


Magne-crystallic  force,  supposed, 

300 
Magnet,  action  of,  on  metals,  297 

—  artificial,  electric  spark  from,  312 

—  augmentation  of  power  of,  by  re- 

action of  currents,  329 

—  electric  spark  from,  311 

—  electro,  spark  from,  311 

—  fixed,   action    of,   on    a  movable 

conductor,  266 

—  natural,  electric  spark  from,  311 

—  rotation  of,  round  its  axis,  307 

—  the  artiricial,  methods  of  making, 

119 

Duhamel's,  119 

Knight's,  119 

Mitchell's,  119 

Coulomb's,  120 

■ Epinus's,  120 

by  the  voltaic 'cur- 
tent,  121 


MAO 

Magnet,  the  declination,  135 

—  the  native,  n8 

Magnetic  action,  places  of  no,  279 

on  metals,  297 

modification  of,  by  mechanical 

arrangement,  300 

—  and  electric  forces,  278 

—  attraction  and  repulsion,  122 

—  bars,  directive  powers  of,  122, 129 

—  batteries,  128 

—  bodies,  list  of,  299 

—  combinations,  laws  of,  T28 

—  condition  of  matter,  294 

—  curves,  123 

—  effects  of  frictional  electricity,  70 
of  the  voltaic  current,  255 

—  equator,  140 

—  force,  122 
law  of,  129 

—  forces,  Faraday's  investigations  of, 

277 

—  induction,  125 

—  intensity,    diurnal   and  monthly 

changes  in,  140 
terrestrial,  140 

—  line  of  force,  definition  of,  308 

—  needle,  inclination  of,  134,  138 
variations  of,  136 

change  of  the  inclination  of,  in 

London,  137 
annual  change  in  the  variation 

of,  138 

periodic  variations  of,  138 

daily  changes  in  the  variation 

oi  139 

—  polarity,  278 

—  pole,  rotation    of,    round  a  con- 

ductor, 281 

—  poles,  122 

consecutive,  123 

—  properties  of   a  voltaic    current, 

283 

—  spark,  311 

—  storms,  106,  142 

—  telegraphs,  464 
Magnetisation  and  demagnetisation 

of  iron,  sounds  during  the,  286 
Magnetism,  118 

—  action  of,  on  voltaic  arc,  245,  254 
\ on  light,  291 


IKDEX; 


609 


VAQ 


KBR 


Magnetism,  general  principles  of,  122 

—  terrestrial,  131 

—  theories  of,  272 
Magneto-electric  induction,  305 

—  —  terrestrial,  306 

—  machine,  the,  313 

—  —  application  of,  to  the  produc- 

tion of  light,  316 
to  the  production  of  gas, 

317 
to  the  explosion  of  mines, 

340 
Pixii's,  313 

Saxtou's,  313 

Holmes's,  316 

alliance,  317 

Wilde's,  319 

Siemens's,  328,  335 

—  —  Wheatstone's,  330 

Ladd's,  333 

Tisley's,  334 

Gramme,  338 

Wheatstoiie*8     exploder      fur 

mines,  342 

theory  of,  352 

Magneto-electricity,  305 
Magnets,  action  of,  on  electric  cur- 
rents, 266 

—  artificial,  qualities  of  steel  for,  127 

—  most  advantageous  form  for,  128 
Marcus's  thermo-electric  pile,  397 
Marie  Davy  battery,  178, 434 
Marine      galvanometer.      Professor 

Thomson's,  263 
Mariner's  compass,  132 
Matter,  general  magnetic  condition 

of,  294 
Matteucci  on  induction  currents  by 

the  discharge  of  a  Leyden  jar,  108 
Matteucci's  experiments  on  the  con- 

ductibility  of  the  earth,  449 

—  muscular  pile,  150 

—  researches  in  electro-ph3'siology, 

150 
Matthiessen  on  the  conductivity  of 
copper,  500 

—  on  the  resistances  of  metals,  200 

—  on    the    specific    resistances    of 

metals  and  alloys,  499 

—  on  the   thermo-electric   order  of 

metals,  3$$ 


Melloni's    method  of  graduating  a 

galvanometer,  258 
Metallic  arc,  147 

—  wires,    production   of   sound  in, 

246 
Metallo-chromes,  233 
Metals,  action  of  the  magnet    on, 
297 

—  deflagration  of,  51 

—  electrolytic  reduction  of,  227 

—  order  of  metals  in  relation  to  tlie 

magnetic  force,  299 

—  resistances  of,  200 

—  thermo-electric  i)rdcr  of,  394 

Gumming  on  the,  394 

— Matthiessen  on  the,  395 

Microphone,  the,  560 

Miller,  Professor,  on  the  electrolysis 
of  polybasic  salts,  238 

Mines,  submarine,  351 

Minotto's  battery,  430 

Miscellaneous  practical  applications 
of  electricity,  577 

Mitchell's  method  of  making  artifi- 
cial magnets,  119 

Morse  printing  telegraph,  the,  451 

alphabet  used  with,  453 

modification  of,  459 

Muirhead's  *  chamber '  battery,  428 

MUller  on  the  laws  which  govern  the 
forces  of  electro-magnets,  285 

Multiplier,  Varley's,  22 

Muscle  during  contraction,  physiolo- 
gical phenomena  of,  155 

Muscular  contraction,  production  of 
an  electric  current  by,  157 

—  electric  cuiTent,  the,  150 

—  pile,  electro-chemical  decomposi- 

tion by,  152 


Napier    on  the  preparation  of  ar- 
gento-  and  auro-cyanide  solutions, 

233 
Native  magnet,  118 

Natural  loadstone,  118 

Navez's  chronoscope,  587 

Needle,  inclination  of,  138 

—  variation  of,  136 

Nerves  of  the  senses,  action  of  the 

electric  cuxreTit  on.  tbfi^  is<^ 
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Nicholson  and  Carlisle,  their  disco- 
very of  the  chemical  powers  of  the 
voltaic  pile,  212 

Nitrogen,  electrical  spectnim  of^  386 

Nobili  and  Melloni,  their  thermo- 
electric pile,  395 

—  on  the  production  of  a  spark  from 
a  pennaucnt  magnet,  311 

Noblc*s  chronosoope,  588 


QilpiNus's  theorj'  of  magnetism,  272 
(Ecrsted's  discovery  of  electro-mag- 
netism, 255, 264 
Ohm's  law,  198 

application   of,    to  compound 

voltaic  circles,  201 
Oppenheimer*8  insulator,  439 
Optic  axis  force,  supposed,  303 
Oxygen  a  magnetic  sul)8tance,  297 


Page's  electro-magnetic  engine,  288 

Parallelogram  or  bridge,  Wheat- 
stone's,  202 

Paratonnerres,  or  lightning  conduc- 
tors, for  the  protection  of  telegraph 
lines,  112 

Peltier's  account  of  a  tornado,  97 

—  electrometer,  78 

Pei)ys's  simple  voltaic  battery,  175 
Pfaff  on  the  laws  which  govern  the 

forces  of  electro-magnets,  285 
Phillips's  electrophoru3,  13 
Phosphorus    a   highly    diamagnetic 

substance,  295 
Physiological    effects    of   frictional 

electricity,  67 

—  of  muscular  eletitricity,  155 
Physiology,  electro,  146 
l*il*»,  dry,  examination  of,  168 

experiments  with,  168 

source  of  power  in,  169 

—  thermo-electric,  395 

—  voltaic,  167 

chemical  powers  of,  212 

Pixii's    magneto-electric     machine, 

313 
Flant6  on  a   secondary  battery  of 

great  power,  191 

Plants,  electricity  of,  162 
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Plate  electrical  machine,  35 . 

PlUcker  on  electrical  spectra  in  at- 
tenuated gases,  385 

Plttcker's  apparatus  for  examining 
the  action  of  magnetism  on  metals, 
297 

Polar  tension  before  contact,  190 

Polarisation,  190 

Polarity,  diamagnetic,  301 

Portable    electrometer,    Thomson's, 

530 

Posts  for  telegraph  lines,  435 

Siemens's  iron,  441 

Pouillet  on  the  electricity  of  plants, 
163 

Pouillet's  chronoscope,  588 

Preece's  apparatus  for  train  signal- 
ling, 423 

Pritchard,  Rev.  C,  on  polar  tension 
before  contact,  190 

Protection  of  copper  on  ships'  bot- 
tonos,  174 


Quadrant  electrometer,  536 
Quadruplex  telegraphy,  553 
Quantity,  meaning?  of  the  term,  196 
Quet    on    stratified    electrical    dis- 
charges, 372 


Railway  break,  Achai*d's  electric, 

590 
Railways,  signalling  of   trains    on 

(see Train  signalling) 
RapiefTs  electric  lamp,  564 
Recorder,  Thomson's  syphon,  538 
Reflecting  galvanometer,    Professoi 

Thomson's,  263 
Rdgnier's  electric  lamp,  565 
Reiss's  telephone,  556 
Relays,  454 

—  Siemens's  polarised,  456 
Repulsion,  2 

—  electrical,  measurement  of,  7 

—  in  relation  to  quantity  of  electri- 

city, 9 

—  magnetic,  122 

Resistance  coils,  Wheatstone's,  205 

—  CQw\!5arative,  of  copper  and  ijutta- 


HtSO 


VTA 


^Qsistanoe,    electrical,   meaning    of 

term,  197 
"-^  —  measurement  of,  aoa 

the  British  Association's  unit 

of,  211 

—  standards  of,  207 

—  to   transmission  of  electricity  by 

conductors,  53 
Itesistances  of  metals,  200 
l^tardation  of  signals,  63, 516 
Return  charge,  46 
ttheoetat,  Wheatstone's,  205 
£haml>s,the  thirty-two  points  of  the 

compass,  132 
'Ritchie's  electric  dock  system,  581 
•—  induction  coil  machine,  363 
Boget,  Dr.,  on  magnetic  curves,  125 

on  the  contact  theory,  170 

Boget*8  spiral,  272 
Romas*s  grand  kite  experiment,  86 
Ronalds*s  electric  telegraph,  409 
Rotation,  development  of  magnetism 

by,  307 

Rotations,  electro-magnetic,  281 
Ruhmkorff's    electro-magnetic    coil 

machine,  359 
—  original  induction   coil  machine, 
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in  torricellian  vacua,  372 

experiments  to  ascertain, 

382 
—  physical  cause  of,  380 
Sturgeon's    electrical    kite   experi- 
ments, 84 
Submarine  cable,  the,  485 
Donaghadee        and     Port 

Patrick,  486 

Dover  and  Calais,  485 

Ostend,  486 

England  and  Denmark,  487 

Orfordness  and  the  Hague, 
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Malta-Alexandria,  491 

Toulon  and  Algiers,  491 

Allan's,  497 

Chatterton's,  498 

Siemens's,  498 

conductor  of,  499 

insulation  of,  501 

insulator  of,  501 

gutta-percha,  502 

india-rubber,  503 

Hooper's  core,  504 

Warren's  core,  504 

Wray's       compound, 

506 

external  protection  of,  •'^07 

Isle  of  Man,  508 

tjrpes  of,  508 
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sion,  510 

accidents  to,  511 

electrical  properties  of,  515 

retardation  of  signals  in,  516 

-—  measurement  of  charge  and 
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—  on   the  retention  of  charge   by 
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